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4 PROCEEDINGS OF THE INDIANAPOLIS MEETING. 

layers of such clay and brick-red loam like that of the upper member. This silicious 
clay sometimes contains well-preserved leaf impressions and other plant fossils. It 
is largely used in the manufacture of pottery in northern Mississippi, western Ken- 
tucky, and particularly in western Tennessee. (8) The basal member is commonly 
made up of irregularly stratified lead-colored or gray silicious clay (less pure than 
that of the middle member), red or brown sand, gray silt, etc. The middle and lower 
members commonly merge insensibly, as do the upper and middle members in most 
sections ; but sometimes a sharp division plane demarks the upper loam and the sub- 
jacent clays, the clay strata are truncated as if by erosion, and pellets and lenses of 
the clay are incorporated in the overlying loam. This relation suggests unconformity ; 
but it probably represents nothing more than a common type of transition from slack- 
water deposits to the products of stronger currents. From the Big Black river to the 
Ohio the brick-red loams and sands and the attendant gravel beds form the surface 
over a zone 20 to 60 miles broad lying east of the limits of the newer Columbia for- 
mation, though they have been deeply and widely trenched by all of the larger rivers. 
The thickness of the formation at Holly Springs, Mississippi, and La Grange, Ten- 
nessee, is about 200 feet, while the artesian borings at Memphis indicate a thickness 
of no less than 436 feet for the middle and lower members. North of the Ohio, in 
southern Illinois, the formation is a pebbly red loam or sand, sometimes distinctly 
stratified. In central Arkansas, notably at Little Rock and about Malvern, pebbly, 
red loams, undoubtedly representing the same formation, are occasionally found over- 
lying the glauconitic Eocene sands and the older formations alike, and are overlain 
in turn by a series of deposits correlated with the Columbia formation of the east. 
The pebbles here are distinctive, those of Malvern in particular consisting chiefly of 
rounded and subangular fragments of novaculite. 

A significant feature of the Appomattox formation in the Mississippi embayment 
is the enormous aggregate volume of gravel. East of the Mississippi the pebbles 
composing this gravel are commonly subangular or rounded fragments of chert, 
largely derived from the Sub-Carboniferous of the interior basin but partly from the 
Silurian and other strata. The distribution of this gravel, as well as the distribution 
of the formation in general, indicates that during the period of deposition of the forma- 
tion the Tennessee river embouched directly into the Mississippi embayment of that 
period not far from what is now the northeastern corner of Mississippi. Another 
significant yet somewhat puzzling feature of the formation in its northern portion is 
found in the great beds of fine-textured and often snow-white silicious clay interca- 
lated in the middle member and in the fiecks and streaks of like material found 
throughout the loam of the upper member. It would seem possible, if not probable, 
that the greater part of this distinctive material consists of disintegrated chert, which 
was conveyed into the slack-water estuary anterior to the transportation of the non- 
decomposed chert by the stronger currents attending the close of the Appomattox 
period ; so that the resemblance of the white markings to those in the eastern exten- 
sion of the formation appears partly fortuitous. Still another significant feature of 
the formation is the accumulation of plant remains within it in northern Mississippi 
and western Tennessee and Kentucky. The fossils collected during the present season 
have not yet been studied, but the specimens collected by Safl^ord and Loughridge 
have been examined by Lesquereux and Ward. It should be observed, however, that 
the age indicated by the few fossils t6us far identified is hat*d1y consistent with the 
voluminous evidence of strati graphic position. 

The known geographic distribution of the formation has been materially extended 
by the season^s work. Originally it overspread the entire state of Mississippi, save a 
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6 PROCEEDINGS OF THE INDIANAPOLIS MEETING. 

beds of saDds " — the upper member of the foregoing paragraphs), and referred the de- 
posits doubtfully to the later Tertiary, though "strongly inclined to believe * * ♦ 
that they are the lowest of the Quaternary stratified drift ; " ♦ while Safford, in a quite 
recent publication, apparently still further modifies the definition of the La Grange 
and refers it to the highest part of the Tennessee Tertiary, and moreover applies the 
term ** Orange Sand '* to a superficial formation assigned to the Quaternary ,t probably 
the " Bluflf Graver* of the 1869 report. J Under the law of priority it would seem just 
to restore one of the early designations. But there are certain adverse considerations of 
sufficient weight to merit statement : (1) The definition of the " Orange Sand " has 
never been clear; it was originally applied by Safibrd to a certain series of doposiu, 
was subsequently applied by Hilgard to a series different as a whole though identical 
as to one member, was still later reapplied by Saflford to a distinct deposit, and hat 
been used in a lax and irregular manner by other geologists. (2) In no case does the 
definition of the " Orange Sand " by geologists who have used the term correspond 
with that of the Appomattox formation ; for Safibrd 's original ** Orange Sand " included 
one of the older formations, while his later "Orange Sand " is a wholly post- Appo- 
mattox deposit; Hilgard included under the term not only the deposits now set 
apart, but also the newer gravels intercalated between the loess (or loam) and Port 
Hudson — the Bluff" Gravel of Saffbrd — as well as various older gravels of which a part 
are now assigned to the Potomac (Tuscaloosa) formation ; and othei; users of the term 
have employed it in equally discrepant ways. (8) The name " Orange Sand " ap- 
pears to have been originally applied, and certainly has been commonly used, rather 
as a descriptive term than a specific appellation ; and, moreover, it is by many geolo- 
gists considered desirable to employ only connotative formation names in which the 
principal element is geographic and indicative^ the locality of typical development. 
(4) While the definition of the '* La Grange "as given by Safford in 1869 agrees 
with that of the Appomattox, the deposits were adjudged Eocene instead of late 
Pliocene, as indicated by stratigraphic position. (6) Although the locality from 
which the La Grange was originally named was at that time a flourishing city, it has 
since, in consequence of war, the building of railroads and other vicissitudes, shrunk 
to a small village, with an uncertain tenure of life beyond the present decade. 

This question of nomenclature would appear to be one upon which the Geological 
Society of America might well pass, and it is raised in the hope that it may be freely 
discussed and, if practicable, definitively settled by this representative body of Ameri- 
can geologists. 

The paper was discussed by J. M. Safford, C. H. Hitchcock, E. W. Clay- 
pole and W J McGree. 

This paper was followed by a brief communication on — 

THE REDONDA PHOSPHATE. 
BY C. H. HITCHCOCK. 

Redonda, a volcanic island situated between Nevis and Montserrat, lat. 16® 66' 
N., long. 62° 18' W., is one of the Leeward islands of the Caribbean sea. It is one 

•GeoloKlcal Surrey of Kentucky : Report on Jackson Purchase Region, 1888, pp. 7, 62. 
t Agricultural and Oeological >lap of Tennessee issued by the Commissioner of Agriculture, eto. 
(J. M. Satford. State geologif>t). 1888. 
X Geology of Tennessee, 1869, p. 432. 
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16 PROCEEDINGS OP THE INDIANAPOLIS MEETING. 

into one another. This would also i^ree with its extremely irregular shape. Such 
local suhsidences are in harmony with what we know has occurred. If the channel 
of Mozambique between Africa and Madagascar has sunk 1,000 fathoms since middle 
Tertiary days, apparently without affecting the adjoining land to any great -extent 
(and many similar cases could be quoted), there is nothing contrary to probability in 
belieTing that the same thing has happened elsewhere and repeatedly, or in regard- 
ing the oceans as the result of many such changes rather than as aboriginal features 
of the earth's surface. 
Akron, Ohio, AttguH 16, 1890. 

The paper was discussed by C. H. Hitchcock, J. J. Stevenson and E. W. 
Claypole. 

The next paper was entitled — 

THE CUyAHOGA SHALE AND THE PROBLEM OP THE OHIO WAVERLY. 
BT C. L. HBRRICK. 

The paper was discussed by H. 8. Williams, E. W. Claypole, I. C. White, 
A. S. Tiffany and C. L. Herrick. It b published elsewhere in this volume. 

The next communication was on — 

THE TACONIC ORES OF MINNESOTA AND OF WESTERN NEW ENGLAND. 
BT N. H. WINCHKLL AND H. V. WINCHBLL. 

The communication was discussed by C. H. Hitchcock and N. H. Win- 
chell. It is printed in full in the American Geologist, vol. vi, 1890, pp. 
263-274. 

This paper was followed by — 

WHAT IS THE CARBONIFEROUS SYSTEM ? 
BY H. S. WILLIAMS. 

(Abstract) 

The confusion which arises from a lack of precise definition as to the constitution 
and limitation of the Carboniferous system has led to the preparation of this paper. 

The earliest English author who appreciated the importance of grouping certain 
rock formations with the Coal Measures to form what now is called a system was 
W. D. Conybeare.* The German geologist Werner and the school of geologists that 
followed him called the Coal Measures the *' Independent Coal formation " or '' Stein- 
kohlengebirge." Conybeare subdivided the '* Transition and Secondary formations" 

* Conybeare and Phillips, OaiUnes of the Geology of England and Wales. London, 1822. 
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9. Greenstone 700 ft. 

8. Whitish or whitish gray qnartzite pmin^ into quartaose conglomerate 

with blood-red jasper pebbles - 1,000 

7. Bark-blue and blackish fine-grained slates with dark-graj qaartxite 500 

a. Slate conglomerate 800 

6, Limestone 250 

4. Slate conglomerate 1,000 

3. Greenish, siliciotis slates, anstratified, with pale greenish qaartzite 1,200 

2. Greenstone 400 

1. Green, altered slates of a chloritic character 1,000 

Mr. Murray recognizes the two slate conglomerates as separated by the 
limestome, but his language would lead us to suppose them not separated 
by any considerable amount of other strata ; and he may have overlooked 
or underestimated such intervening strata under the impression, which he 
brought from Thessalon valley, that the two slate conglomerates were one 
formation. He says : 

'* Both above and below the limestone the rock is a slate conglomerate, the base of 
which is usually of a greenish color, frequently having the aspect of an igneous rock ; 
but it contains numerous rounded pebbles of various kinds, the chief part of which 
are syenite, quartz, gneiss and jasper. In some cases the conglomerate is very coarse, 
the pebbles or bowlders, as they may be called, forming the greater part of the mass. 
In other rases the rock is a fine compact slate, inclosing rounded masses of various 
sizes and characteni, which are scattered through the slate at wide distances from one 
another." 

** The rocks beneath the lower slate, conglomerate are greenish silicious slate and 
pale-green quartzite. * ♦ * These are underlaid by greenstone, and below the 
greenstone is a highly altered green chloritic slate, which is exposed in nearly ver- 
tical strata, forming high precipices at the extreme head of the lake.* 

The limestone between the two conglomerates is set down, meantime, as 
having an "average inclination of about 25°" (p. 21). 

Mr. Murray s(>eaks of tracing the two conglomerates on their strike south- 
eastward for a distance of about six miles, and says it is probable that the 
intervening limestone "holds the same course until it strikes the Thessalon 
and Ottertail lakes, on the Thessalon river, where it is already known to be 
exposed." But he nowhere gives a description of either slate conglomerate 
by itself. 

The Sncces»lon on Echo Lake. — ^Now, let us consider carefully the strati- 
graphical succession seen along the shores of Echo lake. The upper slate 
conglomerate lies beneath the low ground which extends for about three 
miles to the foot of the lake. It is here succeeded (underlain) by a quartzite 
of a different character from the quartzites above the conglomerate, being, 
in its lower part, greenish or blackish and slaty. It passes thus from a 

* Geology of Canada, 1863, pp. 22, 23. 
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one mile north of which it becomee the site oi a marble quarry, yielding a 
delicate and beaatifol prodoct. Toward the aontheast it has been traced for 
nearly six miles ; bat its continoity with limestones seen in the Talley of the 
Thessalon is a question which will be taken np after completing a descrip- 
tion of the section exposed along Echo lake and northward. 

The breadth of the limestone outcrop is about 400 feet, if we take the 
mean of the points on opposite sides of the lake. Immediately north a hill 



FiouNC Z.— View of rough Surface of Echo Lake Limestone. 

(number 5) rises on the western shore about 100 feet, and the rock exposures 
present every appearance of a quartzose character; but the hill was not 
ascended. In close contiguity is another (number 6), which examination 
showed to be essentially quartzitic and finely granular, with miuute dissemi- 
nated individuals appearing like reddish orthoclase, but which in thin sec- 
tion prove under the microscope to be, in part, specks of iron peroxide. This 
formation is very thick-bedded, and dips about 20° toward south 40° west. 
Thus it appears that though the limestone is between two slate conglomerates 
it iH separated from the upper by 2,700 feet, and from the lower by 900 feet. 
In other words, the slate conglomerates are here at least 3,700 feet apart. 

Beyond this for the space of one-third to one-half a mile the high hills 
(number 7) were not examined, but still north for the distance of one and a 
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lake. This vicinity is appropriated, on Logan's map, to the upper slate con- 
glomerate ; but, as we have shown, the upper slate conglomerate termint^tes 
three miles south and is followed by felsites and felsitic quartzites, and this 
IB, therefore, the lower slate conglomerate. liOgan has located a ** supposed 
outcrop of limestone " to the north of this, and has connected it with the 
Echo lake limestone toward the west, and extended it as far as Wahbique- 
kobing lake on the east ; and then, by the manipulation of supposed faults 
in the valley of the Thessalon, has caused the limestone to reappear nearer 
the coast and pass into the observed position of a limestone back of the 
Bruce mines. The Bruce limestone should then be identifiable with the 
Echo lake limestone — a question which we shall presently examine. In the 
intervening distance between these two branches of the limestone belt desig- 
nated *• 3^" Sir William locates the similar branches of a calcareous forma- 
tion designated "3ife, Yellow chert and limestone." This i» represented as 
coming between two quartzites, as " 3^ " is put down between two slate con- 
glomerates. The whole geologic structure is worked out with consummate 
ingenuity on the assumption of faults in such places as would be necessary 
to produce the results depicted on the map. That a synclinal exists along 
the Thessalon valley it is easy to admit after an examination of the comple- 
mentary dips. That the assumpti<m of faults would afford easy explanations 
of phenomena as identified and understood by Logan will not be disputed. 
But to us who have studied a considerable part of the field, the numerous 
Logan faults appear a heavy tax on credulity and introduce what appears 
an artificial complexity in the geology of the region. It is admitted, how- 
ever, that one or more faults probably exist — ^possibly all those laid down on 
the map. 

Now, it was the opinion of Mr. Murray that the Echo lake limestone 
trends more to the southeast than Logan has represented, and makes con- 
nection with the limestone of Ottertail lake and Thessalon river, and, by 
means of a flexure, with the Bruce limestone also. Our petrographic exam- 
inations show that Murray was probably correct. 

Microscopic Characters of Echo Lake Rocks. — ^Thin sections of the limestone 
from the western side of Echo lake (XXVI, 11 and 12) * show it to consist 
of very fine rounded grains of calcite, mostly quite refractive and showing 
extinctions on rotation. The grains are closely compacted, with very little 
interstitial matter. The dark linear bands are composed of matter of decom- 
position ; apparently an argillaceous residuum after the solution of the cal- 
careous matter of some portion of the original material. The rock contains 
occasional minute grains of quartz. This limestone is evidently fragmental, 
formed of grains of an older crystalline mass ; at least of crystal fragments 

*Oar ezfttDplM of thoM limestones are registered m follow». the norobers in pareDiheses refer- 
ring to thiD seotioDs: Ansonia, 409 (IX, 6), 410 (IX, 7). 449 (XII, 11), 4A0 (XII, 12), 4A2 (XII. 14; 
OttertAil, 488 (XII, 6). 439 (Xli, 7); Bruce, 388 (Vll. 6); Echo lake, west f«id«>, 1092 (XXVI, 11), 
1003 (XXVI, 12), 1095 (XXVI, 18), 1107 (XX VI. 18); Echo lake, east side, 1096 (XXVI, -) ; Garden 
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Introduction. 



The town of Sudbury, a creation of the Canadian Pacific railway, is situ- 
ated in the backwoods of Ontario, thirty-six miles north of the mouth of 
French river, on Lake Huron. Parts of the surrounding country are tol- 
erably level, but in a general way this region may be said to be hilly. Some 
sections are very broken and rugged, while in others rocky ridges alternate 
with swamps or alluvial intervals. Occasional tracts of land are fit for cul- 
tivation, but, as a rule, where the surface does not consist of rock or swamp 
it is much encumbered with bowlders. At one time the district supported 
large quantities of white-pine timber, but forest fires at different periods have 
destroyed the greater part of it and inferior kinds of wood are now growing 

XrX— Bull. Gcol. Soc. Am., Vol. 2, 1890. (125) 
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the same temperature, they would naturally accompany each other when in 
the fluid condition. The bodies of molten diorite, being large, would remain 
fluid for a sufficient time to allow the diffused sulphuretted metals to gather 
themselves together at certain centers by their mutual attractions aud by 
concretionary action. In the case of great irrupted masses of diorite, the 
bodies of ore which had formed near enough to the solid walls cooled and 
lodged with a mixture of the broken wall-rocks where we now find them, 
while larger quantities, remaioing fluid, probably sank slowly back through 
the liquid diorite to unknown depths. The causes which, at a subsequent 
time, favored the production of transverse dikes probably aided in determin- 
ing the deposition of the ore near certain lines rather than elsewhere. 

If we suppose that the molten sulphides abstracted themselves, by the laws 
of mutual attraction, from the general mass of the fluid rock and got together 
in considerable quantities in an intimately mingled form, the two kinds 
would tend by the same laws to separate themselves from one another, like 
going to like, just as salts of different kinds will separate into their respective 
crystals from an aqueous solution, because there is analogous action between 
mixtures liquefied by heat and by solution in a supersaturated menstruum. 
A study of the relations of the pyrrhotite and chalcopyrite to each other in 
these mixed ores and of the ores of the parent rock shows that this view is 
in accordance with the facts, and that it is probably a satis&ctory explana- 
tion of the phenomena. No theory of aqueous deposition appears to account 
for the facts in connection with these ore bodies ; still we do occasionally 
observe limited local modifications of the ore which may have been due to 
the solvent action of water with subsequent precipitation of mineral matters 
long afler the consolidation of the mass. This is more particularly the case 
with regard to the chalcopyrite. Crystals of quartz and of the felspars and 
rarely of apatite are found embedded in the ore. 

Extent and Associations of the Ores. 

Other metals, including gold, platinum, tin, lead, silver, zinc and iron, have 
been found in the Sudbury district, and probably some of them may prove 
to exist there in paying quantities. The presence of a considerable propor- 
tion of nickel in the ore of the Wallace mine, on the shore of Lake Huron 
and in the strike of the Sudbury deposits, was ascertained by Dr. Hunt 
more than forty years ago ; yet the presence of this metal in the latter does 
not seem to have been suspected for a considerable time after they had been 
worked for copj»er alone. The Huronian is notably a copper-bearing sys- 
tem. West of Sudbury, in the great belt we have already traced, this metal 
occurs around Batchawana bay, north of Sault Ste. Marie, at Little Lake 
George and Echo lake, at Huron Copper bay, in Wellington and Bruce mines. 



Digitized by VjOOQIC 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

Vol. 2, pp. 141-154, PL8. 2, 3 FEBRUARY 9. 1891 



THE OVERTHRUST FAULTS OP THE SOUTHERN 
APPALACHIANa 

{Read before the Society December 29, 1890.) 
BT C. WILLARD HATES. 



CONTENTS. 

Introduction 141 

Stratigraphy of the Region 142 

Qeneral Structure of the Region 144 

Rome Thrust Fault 144 

Characteristics north of Dal ton 144 

Dalton-Coosaville Division: Resaca Section; Rome Section 146 

Coosaville-Round Mountain Division 14(? 

Round Mountain-Gadsden Division 147 

Cartersville Thrust Fault _ 147 

Position of the Fault 147 

Stratigraphic Variations west of Fault 148 

Rockmart-Esom Hill Division 148 

Metamorphism east of Fault 148 

Inference as to Amount of horizontal Thrust 149 

Phenomena at the Thrust Plane 149 

Prohahle Age of Ocoee Group * 149 

Hypothesis of Erosion prior to Thrust . 149 

Features common to the Rome and Cartersville Thrust Faults 160 

Similar Faults in other Parts of the Appalachian Province . 160 

Theoretical Considerations 160 

Discussion 168 



Introduction. 



Through the work of the Rogers brothers in Pennsylvania and Virginia 
and of Safford in Tennessee, the characteristic forms of Appalachian structure 
have long been familiar to geologists. The unsymmeirical fold has been 
recognized as the normal structural form through Pennsylvania, Maryland, 
and a portion of Virginia. In east Tennessee, the reversed faxdi, transverse 

XXI— Bull. Geol. Soc. Am., Vot. 2, 1890. (141) 
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162 GEIGER AND KEITH — STRUCTURE OP THE BLUE RIDGE. 

have embraced a view so at variance with these facts. It is due to them to 
say that not all the facts are against them. In various portions of the Blue 
ridge there are sandstones dipping northwestward or toward the valley lime- 
stone, and the facts are susceptible of the interpretation that the sandstones 
are beneath the limestone. The section at Balcony Falls appears to show 
an underlying sandstone. One unequivocal case of underiying sandstone 
has been found by Darton five miles east of Dublin, where a visible anticline 
of sandstone lies under an extensive arch of valley limestone. Without 
doubt other cases will be demonstrated by closer study, and doubtful cases 
are already known. 

Existence of two Sandstones. — It seems from the foregoing facts that there 
are two sandstones, one above and one below the valley limestone. There is 
nothing unusual about such an arrangement ; among the fossiliferous series 
it is very common. Three or four times in the vertical column the same 
lithologic character recurs ; but this simply indicates a renewal of similar 
conditions of sedimentation and has no bearing on age. There is no reason 
to suppose that these conditions did not exist before the limestone was de- 
posited. Among the fossiliferous rocks the fossils enforce a discrimination 
of the sandstones ; in the Blue ridge they do not. In their absence nothing 
but structural evidence can discriminate, and that, in the case of Rogers at 
least, was forbidden by the amount of ground to be covered. The mistake 
was made of correlating distinct and distant sections with insufficient con- 
nection by areas. It was, apparently, enough that they contained a group of 
rocks similar in texture and lay in the same topographic belt. In other 
words, instead of structure, lithology was made the basis of correlation, in 
spite of its unreliability in adjacent areas. 

Certain cross-sections were taken as typical, and from them a stratigraphy 
was deduced. Into this mold the other observations were poured with the 
inevitable result that some of them, to put it mildly, lost their original char- 
acter. Rogers' published sections of the Blue ridge at Harper's Ferry and 
Ashby's gap are distinctly wrong. In the former the limestone does not 
dip northwestward and the shale under it, as represented ; nor does any 
sandstone bed reach water level until the main ridge is reached ; nor is the 
sandstone-shale series a simple monoclinal sequence, but a highly contorted 
synclinal depression. His section a little south of Harper's Ferry gives the 
open syncline of Blue ridge as it is, but adds thereto a series of vertical sand- 
stones that have no existence whatever. In his section at Ashby's gap, at 
the southwestern corner of the region under discussion, a synclinal ridge-cap 
is turned into a monoclinal bed ; the low southeastward dips on the main 
ridge are shown, but the equally plain northwestward dips are not. 

Rogers' sections show that he appreciated the want of harmony of his differ- 
ent observations and the difficulty of reconciling them. In view of the ob- 
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shales and Oswego and Medina sandstones. Along the western side of the 
Green mountains and southward through New York and New Jersey we 
have Cambrian sandstone and Lower Silurian limestone and shale in succes- 
sive order, while in the Blue ridge section, described by Messrs. Geiger and 
Keith, the succession is, limestone, shale, sandstone, as in the Silurian section 
of New York just mentioned. In the latter case erosion has evidently not 
cut through the Silurian limestone to the Cambrian ; and the section is that 
of an overlapping deposit upon a sloping pre-Paleozoic shore-line, similar to 
that about the Adirondack region. From these facts I think it probable 
that the interpretation of Messrs. Geiger and Keith is the correct one. 

Professor C. H. Hitchcock: If the authors allow that the reference of 
the quartzites next the crystallines to the middle Silurian applies only to the 
region of Harper's Ferry, they may be correct. I understood them, however, 
to claim the reference of the whole of W. B. Rogers' number 1 to this hori- 
zon, insisting that no reliance should be placed upon the sections at Balcony 
Falls and near Christiansburg, where the sandstones or quartzites underlie 
the lower Silurian limestones. I am familiar with this part of the great 
valley of Virginia, and should interpret the structure as Rogers and Campbell 
have done, both by reason of the stratigraphy, and because fragments of the 
crystalline rocks further east are constituents of the basal conglomerates, 
which in their turn underlie the limestones. The presence of fragments of the 
older rocks in the derived sediments affords a better criterion for the deter- 
mination of the succession of the terranes on the western flank of the Blue 
ridge than their dips. One can explain the presence of eastern dips by in- 
versions or faults if necessary, but cannot understand how a composite sedi- 
ment can be older than its constituent rounded pebbles. Thirty years since 
our best geologists overlooked this obvious principle in explaining the struct- 
ure of these same rocks in western New England and referred the quartzites 
to the Medina ; to-day there is not a single geologist familiar with the ground 
who would accept the early views of Liogan, Hall and Dana in reference to 
this point. Hence these Harper's Ferry outcrops must represent only local 
dispositions. 

Major Jed Hotchkiss: Can the authors of the communication inform, 
us concerning the age and relations of the limestones frequently found east 
of the Blue ridge? 

Mr. Keith : Limestones sometimes occur as small lenses in slate over the 
Archean area east of the Silurian limestones of the Shenandoah valley. In 
one case (near Sharpsburg) the Silurian limestones rest on shales which may 
be Cambrian. 
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under the most favorable circumstances, long and careful research. In addi- 
tion to ihe difficulties of structure to be expected in any great mountain 
system, special difficulties are found in the degree to which regional metamor- 
phism has been carried, in the occurrence of great volumes of contempora- 
neous volcanic material at various stages, and (partly no doubt as a conse- 
quence of the last) in the extreme paucity of fossil remains. Still further, 
the circumstance that the region as a whole must be described as more or 
less densely wooded, contrasts it very unfavorably, from a geologist's point of 
view, with the southern and open parts of the Cordillera, where he who runs 
may read many of the main structural facts. 

Up to the present time the horizons which have in British Columbia been 
actually fixed by paleontological evidence may be summarized as follows: 

1. Tertiary (probably Miocene). 

2. Cretaceous (various stages, probably extending from the Laramie as 
far down as the Neocomian). 

3. Alpine Trias. 

4. Carboniferous. 

5. Silurian (Halyaites beds). 

6. Cambro-Silurian (Trenton-Utica and perhaps somewhat lower). 

7. Middle Cambrian. 

8. Lower Cambrian ( Olenellus beds). 

Of these horizons, all but the Miocene have been recognized in the Rocky 
Mountains proper, or eastern range of the Cordillera. On the coast no fos- 
sils definitely older than the Carboniferous have yet been detected. In the 
interior plateau, fossils referable to the Miocene, lower Cretaceous, Alpine 
Trias and Carboniferous have been rather sparingly found, while in the 
mountain region of the Gold system, including the Selkirk, Purcell, Colum- 
bia and other ranges, we are as yet almost entirely without paleontological 
evidence. 

Surveys in the Interior Hateau Region, — The writer has been engaged for 
some time in a detailed examination of an,area of about 6,400 square miles in 
the interior plateau region, the materials for a geological map of which have 
now been obtained and are in course of elaboration. In connection with 
this work, and more particularly to assist in explaining the complexities of 
the older rocks of this area, it became desirable to ascertain, so far as pos- 
sible, the relations of these rocks to those of the Rocky Mountains proper, 
across which one line of section has already been carefully worked out by 
Mr. R. G. McConnell. 

With this object in view a preliminary examination was made last autumn 
across the intervening Selkirk range, on the line of the Canadian Pacific 
railway. This examination was necessarily confined to the vicinity of the 
railway and still requires to be supplemented by much detail, to be obtained 
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resemblance of the formationB to those met with in the Rocky Mountains is 
in itself sufficient to enable some important general conclusions to be arrived 
at respecting the rocks of the Selkirk range, while the analogy of the rocks 
of the Selkirks to those of the first section is also such as to afford some clue 
to the age of the formations represented in it. 

The Shuswap Series. — The lowest crystalline, and presumably Archean, 
rocks largely represented in the western portion of this part of the Selkirk 
range are evidently referable to the Shuswap series of the first section. 
They consist chiefly of gray gneisses, varying from nearly massive to quite 
schistose, and in the latter case frequently having their division-planes 
thickly covered with glittering mica. They are both hornblendic and mica- 
ceous, but the last-named mineral usually preponderates. Orthoclase is 
apparently the most abundant feldspar, quartz is nearly always well repre- 
sented and garnets are not infrequent. In many places nearly half the 
entire mass of the rocks exposed consists of intrusive or vein granite, with 
pegmatitic or graphitic tendencies. 

The Nisconlith Series. — Overlying the basal holo-crystalline series in the 
Selkirk section is a mass of rocks of which the thickness is estimated at- 
15,000 feet. These are dark-colored and generally blackish argillite-schists 
and phyllites, representing various stages in alteration between true argil- 
lites and micaceous schists. The rocks are usually rather finely fissile, with 
glossy and sometimes wrinkled surfaces, but often with much minute yet 
visible mica on the division-planes. These planes are in some cases evi- 
dently due to cleavage, but are often true bedding-planes. The rocks are 
usually calcareous, and frequently hold thin layers of dark-bluish or black 
impure limestone, together with occasional layers of dark quartzite. The 
coloration is evidently due to carbonaceous matter, and pyrites crystals 
are wery common in certain zones. The only notable diversity met with in 
this otherwise homogeneous mass of rocks is found towards the base, where 
(at the lower end of Albert cafion) a bed of pure blue-gray crystalline lirae- 
Htone thirty feet or more in thickness occurs, and a short distance still lower 
in the section, a seri& of beds over 1,000 feet in thickness, consisting chiefly 
of granular pale-gray quartzites. The quartzites are sometimes flaggy and 
generally more or less micaceous, and are interbedded as well as overlain 
and underlain by blackish micaceous argillites and layers of coarsely mica- 
ceous pale schists. 

These rocks undoubtedly represent the Nisconlith series of the first column, 
of which no extended sections have yet been found in the interior plateau, 
while to the eastward they certainly correspond in the main with the Bow 
River series of the Rocky Mountains, for which a thickness of 10,000 feet 
was there ascertained, though the base of the series is never exposed in the 
Rocky Mountains. 
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River series of the Rocky Mountains are paralleled by similar conglomerates 
which abound in the upper series of the Selkirks. No unconformity has 
been observed between the upper and the lower masses of strata in either 
place. 

Though in the Selkirk section the lower of the two great series which have 
been described resembles the Nisconlith of the interior plateau so closely as 
to warrant extending the same name to it, the fact that the overlying mem- 
ber of the section differs considerably, from the Adams Lake series of the 
interior plateau, while on the other side it probably represents not only the 
whole Castle Mountain group but also the upper part of the Bow River 
serifs of the Rocky Mountains, renders necessary the application to it of a 
provisional distinctive name. It is therefore proposed to refer to this rock- 
mass as the Selkirk Series. 

General Relations of the Cambrian. — Regarded as a whole, we find reason 
to believe that the Selkirk section exhibits a great Cambrian formation 
which (by analogy with the Rocky Mountains) includes the lower part of 
the Cambro-Siluriau and reaches down from it to and far beneath a horizon 
at which the Olenellus or lower Cambrian fauna has been found, with an 
aggregate thickness of about 40,000 feet. 

The comparatively pure limestones of which the Cambrian of the eastern 
part of the Rocky Mountains is composed are replaced in the western part 
of that range by rocks largely clastic in origiu. This change in lithological 
character appears to continue and to become still more marked and to be 
accompanied by increasing thickness in the Selkirk range. Much of the 
clastic material is silicious, and the introduction of an increased proportion 
of such material may be explained by considering it as a result of approach 
to the shore line of Archean rocks on the west. While the principal devel- 
opment of contemporaneous volcanic products, whether in the Paleozoic, 
Mesozoic or Tertiary, is confined to a region west of the local Archean axis, 
the writer is inclined to believe that a portion of the remarkable difference 
found to occur in the western extension of the Cambrian may be due to the 
inclusion in its rocks, on this side, of volcanic ash deposits or other fine- 
grained volcanic materials, of which the composition was such as to favor 
the subsequent production of sericitic or sericite-like schists. 

Speaking generally, the great Cambrian formation of the Rocky Mountain 
and Selkirk ranges shows many points of resemblance to the Cambrian and 
so-called "Algonkian " rocks of Utah and Nevada, the resemblance being 
particularly close in some respects to the series shown in the well-known 
Wasatch section, in which more or less distinctly micaceous schists are also 
found. It is, further, not at all unlike the Cambrian of Wales, which, though 
the organic remains are chiefly confined to some upper beds, has a thickness 
of 25,000 feet and is believed to exceed this in Shropshire.* The provisional 

*Text Book of Geology; Qeikie. 2Qd edition, 1885, p. G51. 
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that the very thick Cretaceous formations never extended. It must further 
be borne in mind that the actual width of 100 miles measured across this 
folded and faulted region represents a zone of very probably double this 
width of the surface as it was antecedent to the great folding and faulting. 
In this zone the line of maximum sedimentation appears to have moved 
progressively eastward, or away from the local Archean land, in the later 
periods. 

DISCUSSION. 

Dr. J. W. Spencer: I desire to again* claim priority for the name 
Algonkian, on the ground that before its publication I had used the term 
"Algonquin" to designate an episode in the Quaternary history of the 
region of the Great Lakes. 

Mr. G. K. Gilbert : While the two names referred to by Dr. Spencer 
are based on the same root, one has the adjective form and the other the 
nominal, and confusion is thus avoided. The simultaneous and unobjection- 
able use of nouns and adjectives etymologically identical for different ele- 
ments of geologic classification is illustrated in the case of the "Huron 
shale " and the " Huronian system," and in that of "Erie clay" or "Erie 
shale " and the " Erian period " or system. The use of ** Erie shale " for a 
Paleozoic formation conflicts with the use of " Erie clay" for a Pleistocene 
formation, but neither conflicts with Sir William Dawson's term "Erian." 



•Of. Bull. Geol. Soc. Am., vol. 1, 1889, p. 238, note. 
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antly narrow ; in the underbrush of the plateau they wound about in such 
manner as to exaggerate the impression of distance. It was shrewdly cal- 
culated that any geologist by these means topographically misled might be 
geologically confused and led to count a single coal bed seen at different 
openings as several beds. And this calculation was justified by the result. 
An expert of high standing, whose experience and reputation fairly com- 
manded confidence, reported the coal at nearly three times its actual thick- 
ness, and 1750,000 was paid on his mistake. The error in stratigraphy fol- 
lowed from ignorance of the local geologic structure, both avoidable had the 
geologist determined relations of distance and direction among observed 
sections. 

The point of this story is the point of this article : A knowledge of rela- 
tions in space among geologic facts is essential to the solution of problems 
of stratigraphy and structure, and it follows that the geologist must locate 
his observations on a map either prepared in advance or surveyed simul- 
taneously with his work. The possession of an adequate map constitutes the 
ideal initial condition for geologic work. 

Definition of an adequate Map for Geologic Purposes. 

General DefinUion, — An ''adequate map" is one which accurately de- 
scribes the character of the features delineated : it is so characteristically 
true to the facts of topography and culture that it offers many tie-points, 
t. e., many points which can be definitely recognized as the representatives 
of specific locations on the ground. Such points are essential to the location 
of a geologist's observations of outcrops, strikes and dips, or formation 
boundaries, which may be of very limited extent but which must be placed 
on the map with such accuracy that the error, reduced to the scale of the 
map, is insignificant. Such tie-points are bends of roads, cross-roads, cross- 
ings of roads and streams, sharp turns in streams, stream junctions, springs, 
mountain peaks, ridges, gaps, spurs, abrupt changes of slope ; in a word all 
characteristic features. 

Maps are sketches fitted to a geometric control. If we compare them 
with works of higher art, we may liken the painfully exact military maps of 
Europe to miniature portraits, while some American maps, product under 
demand for quantity rather than quality, suggest paintings executed with 
a palette knife. The difference lies in the minuteness of control, in the 
number of points accurately determined per square inch of map. 

Methods of Control, — ^The measurements which constitute control are 
obtained by two methods, triangulation and meander, each of which has its 
advocates, each of which requires certain natural conditions for economic 
working, but which in most regions can advantageously be combined. 
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to the limited outlook in a Michigan forest, cannot well devise details of 
methods for him who studies stratigraphy and structure on the treeless 
plains of the west. Nor can he whose stratigraphic work in the settled 
states is facilitated by roads prescribe methods for the investigator of volcanic 
geology in uninhabited mountain ranges. Each must adapt to his owa 
environment the means of recording and arranging observations, but he 
will certainly do so more intelligently if he avails himself of the experience 
of others, whose training and experiments may contain positive or negative 
suggestions. 

Believing this, I propose to give here for what it is worth the experience 
of the Appalachian division of the United States Geological Survey with 
graphic methods of mapping formations. 

Appalachian Work in the U. S. Oeologieal Survey, — The Appalachian 
Paleozoic province presents stratigraphic and structural problems under an 
aspect which is familiar to all of us. Relief is seldom emphatic, heights 
have usually struck an average elevation through successive base-leveling, 
soil covering is the rule, vegetation flourishes everywhere, and cultivation 
assists in obscuring geologic facts : these are obstacles to rapid work, what- 
ever the problem. On the other hand, relief and structure are intimately 
related as eflect and cause, the factors of the problems, multitudinous as 
they often are, are crowded together in small space, every part of the region 
is easily accessible, roads and houses permit facilities not else available: 
these are aids to successful work. 

The geologists of the United States survey who entered this province prior 
to 1886 were trained in western fields and did not at first devise the best 
methods of work. The amount of geology per square mile was embarrassing 
to them ; the facilities afforded by culture were not appreciated. It seemed, 
moreover, a fair assumption that the Rogers brothers, Saflbrd and others 
had solved the geologic problems of the region and that to resurvey their 
fields was but to confirm their results, which must be done in detail and 
with great accuracy. Triangulation for detail was forbidden by the absence 
of marked features of relief or culture, and meander methods were a neces- 
sity in the absence of adequate maps. 

Stadia Transit Method. — The special cdnditions and the fact that the 
purpose of the work was section-measurement led to the selection bf a very 
accurate method based on stadia measurements of distances. The instru- 
ment used was a light transit, mounted on tripod and leveling screws, carry- 
ing a telescope with a vertical limb and fixed stadia wires. The stadia rod 
was 12 feet long and graduated by epcperimenting with a base measured by 
a steel tape ; there were two movable targets, which were adjusted by the 
rodman on signals from the surveyor until the interval between them was 
proportioned to the space between the stadia wires of the telescope ; the 
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The traverse table was devised by Mr. GaoDett for the purpose its name 
indicates. He describes it as follows : 

<* The plane-table used for traversing is of the simplest possible form, consisting of 
a board 15 inches square, into one edge of which is set a narrow box containing a 
compass needle three inches in length. The table is supported by a tripod of light 
construction without leveling apparatus, the level of the instrument being effected 
by the legs of the tripod. The table is adjusted in azimuth or oriented by means of 
the compass needle, movement in azimuth being provided by simply turning the 
table on top of the tripod head. There is no clamp to the azimuth movement, the 
table being held in place simply by friction. The alidade consists of a brass rule 12 
inches long, with raised sights hinged to turn down when not in use. Ordinary 
drawing paper backed with cloth is used for plane-table sheets and is attached to the 
board by thumb tacks."* 

The operation of traversing with this instrument is very simple. At each 
station the table is oriented by bringing the compass needle to a mark on 
its short scale ; the area of the map is usually too small to show any con- 
vergence of magnetic meridians, and if the magnetic declination be constant 
it follows that at each station the position of the table is parallel to all those 
preceding it. Courses sighted and drawn with the alidade, whether succes- 
sive foresights or alternating foresights and backsights, therefore depart 
from each other with angles equal to those included by the directions on the 
ground, and the lengths of the sights being laid off to scale, the plat is a 
figure mathematically similar to the traverse on the ground. On this plat 
geologic observations can at any instant be indicated in their proper rela- 
tions. It is customary to foresight to bend of road, tree, fence-comer or 
any other distinct object, to wheel or pace to the thing sighted, thence to 
wheel or pace to a convenient station and set up the table. At this station 
the operations are: (1) to orient the table, (2) to scale off the first foresight, 
(3) to sight and draw the backsight and scale it off, (4) to sight and draw 
the next foresight, (5) to sketch in topography or geology, and then to pro- 
ceed. Time is economized by occupying alternate stations only, and geologic 
relations are developed as fast as the traverse line is extended. I believe 
that this simple instrument will prove to be of great value to geologists and 
will save time, labor and money in the extensive work of geological map- 

But notwithstanding the simplicity and accuracy of the traverse table, 
geologists who do not wish to carry a mounted instrument of any kind have 
tried to accomplish the same object with only hand compass and note-book. 
To do this is to reduce iustrumental impedimenta to a minimum, but the 
observation and recording of the traverse requires more care than on the 
plane-table. Given an ordinary clinometer compass with square base and 
sights and a note-book ruled in squares, the operation at any station is as 

* Unpublifihed MSS. 
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The aMertioD that human remains or implements of any kind are found 
with such fossils is surprising enough to provoke skepticism ; but when it 
must be added that the implements said to have been discovered in these 
deposits are most unquestionably neolithic, on a level so far as workmanship 
is concerned with those in use by the California Indians during the present 
century, and that the famous Calaveras skull is of no lower type than that 
of the living Indians of the northwest, it cannot be wondered that many 
European naturalists and some American authorities refuse to accept as 
genuine the discoveries announced. 

If such an association of remains actually occurs, theories must be modified 
to fit the fact ; but novel facts require evidence as strong as their apparent 
improbability is great. 

I have come into possession of prooft of the occurrences in question which 
are in some respects more convincing than any yet brought forward. I pro- 
pose to lay these before the Society and then to make a suggestion as to the 
method of reconciling these facts with those observed elsewhere. 

Oology of Table Mountain. — ^The history of the Tuolumne Table mountain 
is briefly as follows : Long before glaciation began in the Sierra the Stanis- 
laus river pursued a course nearly parallel to its present bed, but some three 
miles further southward. It filled a broad channel with coarse gravels which 
have since become compact and partially indurated. After these gravels 
had reached a thickness of some 200 feet there was an eruption of basalt 
which ran down the channel and covered it with an even-topped sheet of 
lava often 150 feet thick. The glaciation of the Sierra began after this flow, 
and seeminrgly soon after it. During the glacial period of California the 
Stanislaus, displaced from its former bed, cut a new and far deeper one, so 
that the river now runs a couple of thousand feet below the top of Table 
mountain. It must clearly have eroded this great depth since the lava flow, 
and the lava sheet remains as the cap of a relatively elevated mass. 

The gravels of Table mountain have yielded and still yield miich gold, and 
very numerous tunnels have been driven into the mass for the purpose of 
fiuding the precious metal. In the course of these explorations fossils, in- 
cluding mastodon remains, have* certainly been found. It is also asserted 
that human relics have been discovered beneath the lava cap. 

Instances of the Occurrence of Relics beneath the Lava Cap. 

Belies recorded by Whitney. — The following is a brief r^um^ of the dis- 
coveries of human relics reported by Professor J. D. Whitney:* Dr. Perez 
Snell of Sonora picked from a car-load of gravel, as it was coming out from 
under Table mountain, a stone grinding implement which was examined by 
Professor Whitney. Dr. Snell also possessed many other implements and a 

•Auriferous Grarels, 18M, p. 204. 
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At a distance of between 1,400 and 1,500 feet from the mouth of the tunnel, or of 
between 200 and 300 feet beyond the edge of the solid lava, Mr. Neale saw several 
spear-heads, of some dark rock and nearly one ftx>t in length. On exploring further, 
he himself found a small mortar three or four inches in diameter and of irregular 
shape. This was discovered within a foot or two of the spear-heads. He then found 
a large, well-formed pestle, now the property of Dr. R. I. Bromley, and near by a large 
and very regular mortar, also at present the propierty of Dr. Bromley. 

All of these relics were found the same afternoon, and were within a few feet of one 
another and close to the b<Ki-rock, perhaps within one foot of it. 

Mr. Neale declares it utterly impossible that these relics can have reached the posi- 
tion in which they were found excepting at the time the gravel was deposited, and 
before the lava cap formed. There was not the slightest trace of any disturbance of 
the mass or of any natural fissure into it by which access could have been obtained, 
either there or in the neighborhood. 

And Mr. J. H. Neale declares upon his oath that the foregoing statement is in 
every respect true. 

John H. Nea.lb. 

Subscribed and aicom to before rat this second day of August ^ 1890. 

Edwin A. Rooicrs, 

Notary Public, 

The larger mortar aud the pestle referred to in this statement are illus- 
trated in the accompanying plate 7, which is a photo-mechanical I'eproduc- 
tion (by the Moss process) of a photograph of the objects, one-third natural 
size. The rock of which the mortar is made is andesite. 

It would have been more satisfactory to me individually if I had myself 
dug out these implements, but I am unable to discover any reason why Mr. 
Neale's statement is not exactly as good evidence to the rest of the world as 
my own would be. He was as competent as I to detect any fissure from the 
surface or any ancient workings, which the miner recognizes instantly and 
dreads profoundly. Some one may possibly suggest that Mr. Neale's work- 
men ''planted" the implements, but no one familiar with mining will enter- 
tain such a suggestion for a moment. No workman would dream of plant- 
ing so large a number of implements, even to deceive a visitor, and he could 
conceal them only in broken ground. The auriferous gravel is hard pick- 
ing, in large part it requires blasting, and even a very incompetent superin- 
tendent could not possibly be deceived in this way. 

It has sometimes been objected to the authenticity of the discoveries of 
implements in the gravels that the finders, with the exception of Dr. H. H. 
Boyce, were miners and not scientific men. Now, so far as the detection of 
a fraud is concerned, a good miner regularly employed in superintending the 
workings would be much more competent than the average geological visitor. 
The superintendent sees day by day every foot of new ground exposed, and 
it is his business to become thoroughly acquainted with its character, while 
he is familiar with every device for " salting " a claim. The geological vis- 
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fi>reed oot of its place wtth confiderable diffi jaltj oa accoant of the hardneas 
€f( the grarel in which it was tightl j wedged. It left behiod a perfect cast of 
its shape io the matrix, and proved to be a part of a polished stone imple- 
ment, no donbt a pestle. It seems to be made of a fine-grained diabase. 
This implement was presented to the Smithsonian Institution on Jannanr 20, 
1870. It b shown in the aocompanjring cat (figure 1), a photo-engraving 
from a drawing bj Mr. W. H. Holmes. Mr. King is peri^ljr sure that 
this implement was in place, and that it formed an original part of the 
gravels in which he found iL* It is difficult to imagine more satiafiu^torj 
evidence than this of the occurrence of implements in the auriferous, pre- 
glacial, sub-basaltic gravels. 

The Calaveras Skull, — As is well known, there is also evidence indicating 
the existence of human remains in the gravel beds, particularly that affi>rded 
bj the &mous Calaveras skull. This strange relic I shall not fullj discuss on 
this occasion, but a few words concerning it will not be out of place. No 
one has doubted that Mr. Mattison found the skull in the auriferous gravels 
beneath the lava, 130 feet firom the surfiftce, and that he honestly supposed it 
to be in place ; but it has been asserted that it was purposely concealed 
there by others. Now the chemical analysis of the bone shows that it is a 
fossil. It contains only a trace of organic matter, over 62 per cent of calcium 
carbonate, and only about 34 per cent of calcium phosphate. A rhinoceros 
jaw from the same horizon contained more than two and a half times as 
much phosphate as carbonate, and was thus much less completely fossilized 
than the human bone. Truly fossilized human bones are very great rarities, 
and to suppose that the miners were not only successful in " salting " the 
mine with human bones, but that they procured truly fossil bones to do it 
with, requires a painful stretch of the imagination. But, further, when the 
skull was found a mass of gravel indistinguishable from the surrounding 
material adhered firmly to it and remained thus attached until, long after- 
wards, Dr. Jeffries Wyman removed it in Cambridge, Massachusetts. Hence 
the miners must have found it, if at all, in a formation similar to or identi- 
cal with the auriferous gravels. The supposed joke would therefore be quite 
without point. 

It has also been suggested that the skull may have fallen from the surfiEice 
through some crack in the rock at a time sufficiently remote to allow the 
fossil ization and the induration of the surrounding mass to take place. There 
is no direct evidence in favor of this hypothesis, and it is highly improbable 
that an open clefl 130 feet deep could be formed by natural causes in a mass 
of gravel capped by only 40 feet of lava. The fact that part of the tibia 
of another human being, too small to have owned the skull, was found in 
the mass adhering to the larger bone makes the suggestion more difficult of 



* I h«T« tubmitted this sUtemeot of hiJ> discoTory to Mr. King, who pronounoea it oorreot 
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Altogether, these circumslances seem stroogly confirmatory of the genuine- 
ness of the object. Mrs. Darwin was a tourist on her way from the Yosemite, 
and evidently neither she nor Mr. McTarnahan had set any special impor- 
tance upon the geological position in which the mortar was found. Mr. 
McTarnahan is a young man, about twenty-five, and had never heard of the 
discoveries reported by Dr. Snell in the Valentine shafb, and evidently had 
been totally unimpressed by the archseological discussions with reference to 
that region ; so that the evidence seems to me of a very high order. 
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begins with disiDtegration and ends with the reduction* of the rock to the 
most insoluble products, such as quartz, clay and ferric oxide. The depth 
of this decay, other things being equal, is determined by lapse of time, by 
the permeability of the rock, and by the solubility of its constituents, rather 
than by its hardness. In tropical countries, and in our southern mountains, 
this depth is to-day measurable in places by hundreds of feet. I showed that 
when, by change of climate, the protecting vegetation was destroyed and the 
disintegrated region became arid, this great decayed mantle became the 
prey of the winds, and thus furnished the material for the wind-blown loess. 
Where, on the other hand, such a region became the seat of a continental 
glacier, this decayed mantle supplied, in its finer material and in its cores 
of semi-disintegrated blocks, the source of the greater part of the glacial 
debris. 

Since the limit of the decay in depth is due to the character of the rock 
areas, the removal of the mantle by wind or ice would leave a topography 
different from that formed by stream erosion, and one in which rock basins 
would be frequent. 

Finally, the rapidity with which this material, after accumulating by wind 
or ice, is removable by erosion, or by progressive ocean breaching, rendering 
turbid the waters of formerly clear parts of the sea, suggests the cause for 
the extinction of life and change of coast faunas. 

The views expressed in the paper referred to were accepted in their en- 
tirety by von Richthofen * and, as bearing on glacial debris, rock basins 
and the topography of Scandinavia, by Nathorst.f 

Evidence of secular Disintegration in ancient Rocks. 

Derivation of Cambrian basal Conglomerates, — Our work in the Green 
mountains, and recent studies of the mountains of western North Carolina, 
have given me proof that the recognition of the importance of secular disin- 
tegration is essential to a proper interpretation of some of the most difficult 
points in the study of the crystalline schists. Throughout the Green mountains 
and the Appalachians, the Cambrian conglomerates and quartzites, resting on 
an older crystalline complex, contain large quantities of detrital feldspar in 
fragments or pebbles, up to three-quarters of an inch and more in diameter, 
together with grains and pebbles of blue quartz, all clearly derived from the 
destruction of the older granitic rocks. These feldspars are the same as 
those in the older rocks, and show their own detrital character. They often 
show partial kaolinization around or adjoining an unaltered nucleus. And 
in some cases these fragments, as my assistant, Dr. Wolff, finds, have been 

♦China. Vol. II, 1882. p. 758. 

t**Pumpelly*8 teori om hetgdeiMn Af hersartoman sekalftra fdnrittrlng fdr appkomsten af SJdar 
in. m.'*— iieol. Fdrenlngens 1 Stockholm FOrhandl, 1879, No. 62, Bd. IV. No. 10. 
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limestone and ^ndstone, which iodine at a lower angle (15° to 20°) away 
from the mountain mass. 

Resting immediately on the altered porphyry is a bed, 10 to 15 feet thick, 
of angular fragments of ore, with the interstices filled with detritus of decora- 
posed porphyry, which, showing no signs of stratification, follows the contact 
in depth. In places the limestone itself contains rounded pebbles of ore, but 
more of decomposed porphyry, forming in some beds a conglomerate. The 
residuary ore of the fragmental mantle-bed is evidently derived chiefly from 
a 30-foot vein of solid ore, which comes to the surface on the western flank 
and runs nearly parallel to the strike of the bed of fragmental ore. This 
bed is part of the pre-Silurian mantle of disintegration, and is not a Silurian 
sedimentary deposit. This is clear from the facts that it not only shows no 
stratification, but that the material filling the interstices between the ore frag- 
ments is wholly decomposed porphyry, without sand or limestone; whereas. 



FiouKE i.Section exposed by Mining on tcestem Flank of Iron Mounfain, Missouri^ showing MantU of 
pre-Silurian residuary Ore uttder Silurian Limestone. 

a = Decomposed porphyry; 6 = Vein of ore; c = Pre-Silurian mantle of residuary ore, 10 to 15 
feet thick ; d — Silurian limestone ; e — Earth. 

if it had been moved by breaching action, a separation would have taken 
place, resulting in the removal of the porphyry detritus and its replacement 
by sand and calcareous matter. 

On the eastern flank, Professor Potter*8 explorations revealed a pre-Silurian 
valley, in which a large amount of detrital ore is accumulated, beneath the 
limestone. The mining has followed this valley for 1,500 feet or more, down 
its gentle slope, under the Silurian limestones and sandstones. Here also, 
while the overlying limestone carries more or less d6bris from the mountain, 
the ore-bed is unstratified and has its interstices filled with a wash of decom- 
posed porphyry. The bed is in places 40 feet thick and 300 feet wide, grow- 
ing narrower toward the lower end of the valley, and thinning out toward 
the sides, where the limestone rests directly on the porphyry. Toward the 
lower end of this ancient valley, the ore-blocks are larger and rather more 
rounded than those further up-stream. 1 imagine that these lower bowlders 
are the older ones and started from their source when the parent hill was 
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•JU5 \v. i'i»rrvw — fiLAri.vL lakes ix canada. 

Ind««d a v<*ry tiUf^t elevation in comparison with the ciifi of till of aimilar 
origin on :*ome partj* of the '(horas of Lake Michigan and c>tlier9 of the Lao* 
rentian lakes, wh«^ eri>«ion hma lieen in progreaa from the time of the glacial 
reeewion to the prej^ent <lay. ^carbrnD' heij^ts on Lake Ontario, near T(>- 
ronto, extend in 15 nine miles with a height of 170 to 290 iaeet, conatating of 
till and inter;i:la<Mal i>et]»*, are clitH* thua pm4luced br portglarial lake^onon. 
The duration of the i^lacial lake appears to have been much shorter than the 
poptglaeial epoch. 

It [» important, however, t<» note here that elit& of pregiacial erosion, 
which remained a» prominent esearpments through the viciaaitxides of the 
ice as^e, became in *)me plai'cs the :^hore9 of irfatnal hikes. Of this claM are 
the bold hit^hlandn of Pembina, Riding, an<l Duck mountains, which rise 
steeply 100 to l,00O feet from the highes^t western shore line of Lake Agas- 
g\z, to form the margin of a plateau that :^trctches with a moderately oinlu- 
lating surface westward. Even where this lake washed the bases of the cli&, 
it douhtles« er>ded them only t4^ a ."flight extent. The horizontad Cretaceoua 
beds of this ^jreat escarpment oritriually extended eastward a considerable 
dii^tance, as believed by Hind and Dawson, probably iso ^ as to cover the 
area8 now occnpie<i by Lake Winnipeg ami the Lake of the Woods ; and we 
moirt attribute the erosion of their eastern portion, leaving th» steep line of 
highlands, to river acti<m daring the Tertiary era, not in any important 
degree to glaciation, and least of all to shore-cutting by the glaeial lake. 

Bmrh^^. — The course of the shore of a large glacial lake is usnallv 
marked by a dep^nit of beach gravel and sand^ forming a coatinuooB, 
smoothly roumled ridge, !»ach as is found aIon«r the shores of the ocean or of 
onr great lakes wherever the land sinks in a irently descending slope beneath 
the water-level. The bfiach ridges of Lake Aga^iz, and of the glacial rep- 
resentatives of the I^u rentian lakes, commonly rise three to ten feet above 
the adjoining land on the ^ide that was away from the glacial lake, and ten 
Ut twenty feet above the adjoining land on the aide where the lake lay. In 
brea/lth, these ridges vary from ten to twenty-five or thirty rods. The beach 
depfjsit takes thus the form of a broad wave like swell, with a smooth grace- 
fully rounded surface. Like the shore accumulations of present lakes and 
of the sea c^>ast, these glacial lake beaches vary considerably in siie, having 
in any distance of five ihiles some portions five or ten feet higher than others, 
due to the uneijual j>ower of waves and currents at these parts of the shore. 
Moderate slopes bordering the greater glacial lakes were favorable for the 
formation of l>each ridges, and such ground frequently displays many beaches 
at succrssive levels, which marked pauses in the gradual elevation of the 
land when it was relieved of its ice-burden, and in the subsidence of the lake 
as its outlet became eroded deeper or as the glacial retreat uncovered new 
and lower avenues of discharge. 
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274 W. UPHAM— GLACIAL LAKES IN CANADA. 

the last glacial epoch. The erosion of the valley therefore must have fallen 
far short of supplying the material of the Assiniboine delta, not to mention 
the fine silt and clay which were carried into the lake beyond the gravel and 
sand delta and may be of equal volume. Probably at least half of these la- 
custrine deposits were modified drift brought down by streams from the 
melting ice-sheet on the upper Assiniboine basin north of the mouth of the 
Qu'Appelle and swept forward by the strong current of the river until they 
could be deposited in Lake Agassiz. 



Digitized by VjOOQIC 






\ 



Digitized by VjOOQIC 



278 C. R. KEYES— CARBONIFEROUS STRATA OF CENTRAL IOWA. 

Very recently a detailed section (plate 9) was made from Harvey, in the 
southeastern part of Marion county, along the line of the Des Moines river 
to the capital city and thence up the Raccoon river to DeSoto, in Dallas 
county, a distance of sixty-five miles. The circumstances for its con- 
struction have been made very favorable by the numerous excellent ex- 
posures afforded by railway lines that have been built nearly the entire 
distance on each side of the two streams. These railway cuts, taken to- 
gether with the natural outcrops on the rivers, permit the stratigraphy of 
the district to be very satisfactorily traced in all the minor particulars. 

Along the line just specified, more than two hundred exposures were ex- 
amined and measured, the different beds being carefully correlated in the 
field by direct passage from point to point. Out of this number, ten of the 
most instructive and typical sections have been selected, and descriptive 
notes are appended, indicating the salient characters of the various strata. 
Each is marked on the accompanying general section, the base of which is 
the low-water limit in the Des Moines river. It is thought that the two 
methods of illustration will adequately present, in the briefest possible manner, 
the leading geological features of the region. The stratigraphical relations 
of the several beds will find further explanation beyond. 

The Quaternary deposits have not yet been differentiated with sufiicient 
care to warrant the separation, in a general section, of the drift sheets and 
the loss. 

Description op Sections. 
I. Harvey Expomre,— Quarry in S, W. qr. K W. qr. See. 4, T. 75 K, R. 18 W. 

3. Drift and loss (exposed) . . . . .10 feet. 

2. Gray and ash-colored marl, with abundant fossils: Spirifera 

keoktik^ Hall ; PentremUea koninehiana, Hall ; ZaphrentU 
spinidiferay Hall ; Aihyris eubquadrata, Hall ; Produdus 
marginoeinctus, Prout ; and others . . . 5 " 

1. Blue limestone, weathering brown in places, thinly bedded 

above (exposed) . . . . . . 12 " 

IL CoalpoH Section,— S. E, qr. S.W. qr. See. 4, T. 76 N., R. 19 W. 

6. Heavily bedded sandstone, with lepidodendrids, sigillarids, 

filices and calamites below (exposed) 
5. Dark-colored clays and shales, sandy in places 

4. Coal (rained at this place) ..... 

3. Dark clays and bituminous shales .... 

2. Coal, rather impure . . . . 2 to 3 " 
1. Sandstone, very thinly bedded, and sandy shales (exposed 

to water's edge) . . . . . . 8 " 

No. 6 of this section is not exposed on the river bluff at this place, but 
crops out in a ravine some distance inland. 



15 feet 


30 


(< 


5 


II 


14 


U 



Digitized by VjOOQIC 



LlTHOLOGICAL FEATURES OF THE StRATA- 

Oeneml Characterd. — In lithologieal chftracters the Coal Measares of cen- 
tral Iowa contrast sharply with the other Paleozoic formadons of the state. 
Not less striking is the relative thinness, as a rule, of the individual layers, 
or beds, which follow and replace one another, upwards and laterally, in 
rapid succession. Often within a vertical dirtaace of a few inches or a few 
feet, layers of sand, clay or shale are succeeded by different strata ; or else 
are changed botl in color and chemical composition. Of th^ three general 
types of rocks recognized, the argillaceous are the most prominent and most 
widely distributed ; arenaceous deposits are developed only in much less 
volume ; while the calcareous rocks are exceedingly unimportant and are 
restricted to a few thin bands, seldom more than eight or ten inches in maxi- 
mum thickness. 

ArgiUaeemu McderiaU. — ^The clay-shales make up by fiur the greater por- 
tion of the Lower Coal Measures in Iowa» On exposure to atmospheric 
agencies they quickly disintegrate into soft days and are easily carried away 
by running water. For the most part they are ashen, drab, or black in 
color, though red, yellow, buff and blue shades are of not uncommon occur- 
rence. In some localities the vari^ated shales — ^blue, drab, red, yellow and 
ashen indiscriminately mingled — predominate. It is in the latter shales that 
crystallized gypsum frequently occurs abundantly. At Des Moines and else- 
where, diamond-shaped crystals of selenite are the more plentiful, though not 
infrequently some of them are greatly elongated in the direction of the ver- 
tical axis, sometimes attaining a length of eight or ten inches. In the latter 
habit, twinning is quite common. Often the crystals are acicular and, radi- 
ating from a center, form little rosettes, which lie in great numbers on the 
exposed surfaces of clays. 

The light-colored shales occasionally afford impressions of ferns and lepi- 
dodendron roots, but for the most part they are unfossiliferous. The dark- 
colored, bituminous varieties, on the other hand, are often highly charged 
with organic remains. From a single locality (Des Moines) nearly one 
hundred species of invertebrates have been recognized, besides a number of 
fossil fishes and plant remains. A partial list of these organbms, with full 
notes, has been given in another place,* and considerable additional infor- 
mation of the same sort will soon appear in a form for reference. 

The light-colored shales, by the gradual addition of fine, sandy material, 
pass imperceptibly into sandy shales, and these again into shaly sandstones 
and finally into hard, compact sandrock. This gradual transition may take 

• Proe. Acad. Nat. Sci., Pbila., 1888, pp. 322-246. 
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294 . E. BRADfERD— THE CHAZY FORMATION. 

and variety of the strata of the Calciferoos and Chazj zones were greatly 
anderestimated, and their wealth of fossils was unsuspected. Had it been 
otherwise, Billings would have had to describe fewer new species from the 
Lower Silurian of Canada, and some of the difficult problems of the " Quebec 
group " would have been more easily solved. 

We purpose, in the present paper, to present a comparative view of several 
representative sections of the Chazy formation in the Cham plain basin. We 
shall omit all details of stratigraphy, and present only the results of our 
study as regards the thickness and sequence of the strata and their charac- 
teristic fossils. These local details have been thoroughly worked out, and 
will be presented elsewhere with maps and sections giving actual profiles 
and dips. In the diagram herewith presented (plate 11) the strata are re- 
stored to the horizontal attitude so as to indicate more clearly the correlation 
of the beds in the several sections. 

A further preliminary statement should be made concerning the bounda- 
ries of the Chazy. The upper boundary is the Black River, a black, massive 
pure limestone, 80 to 50 feet in thickness, easily recognized and remarkably 
uniform throughout the Champlain valley. The lower boundary, or the top 
of the Calciferous, is less distinctly recognized by geologists. We have consid- 
ered it to be a tough iron-gray, fine-grained, magnesian rock, usually weath- 
ering yellowish or drab, 300 to 400 feet in thickness. Wherever this horizon 
is exposed in the lake region, these magnesian rocks appear, though they are 
wanting in the region east of the lake. The few fossils that occur in occa- 
sional beds of limestone, and the general lithological character of the mass, 
would seem to ally it to the strata below. Furthermore, whenever any of 
these outcrops are mentioned by the older geologists, the rock is always 
referred to the Calciferous. 

The Detailed Sections. 

Section at Valeour Island, — The first section of the Chazy to be described 
is that of Valcour island, about six miles south of Plattsburgh, New York. 
This island, two miles in length and one mile in breadth, with deep bajrs 
and high promontories, consists almost wholly of the Chazy rock, which here 
attains a maximum thickness of nearly 900 feet. The island seems to have 
been hitherto unexplored by the geologist. On Professor Emmons's map of 
Clinton county it is colored as Calciferous ; but no Calciferous rock occurs 
except at the southern extremity just beneath the usual level of the lake. 
Above it appear the strata of the Chazy, dipping 20° or 30° eastward, and 
rising in clifli 30 to 50 feet in height along the southeastern shore. It is the 
most impressive display of limestone to be seen along the lake. From a 
boat we can here behold, in one view, measures of the Chazy over 600 feet 
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300 E. BRAINERD— THE CHAZY FORMATION. 

Orcwn Pbint Section. — Westward from Cornwall, toward Lake Champlaio, 
thebedfl of the Cfaaxy rapidly decrease io thiduiesB. The same fact is notioe- 
able southward from Valcour along the lake shore. The top and the bottom 
of the formation are the fi rst to disappear. Neither the "Ehynehoneila beds ** 
nor the "slaty limestone ** are to be seen south of Valcoor. The Lower Chazy 
and Upper C^iazy contract to small proportions, and finally disappear. Then 
the Middle Chazy b^ns to contract, and also disappears. 

We present a carefully measured section at Crown Point fort to illustrate 
this fiust. We find there in ascending order : 

Sandstone and slate interstratified . .23 feet. 

Impure limestone containing Orthis plaiys. Bill. . 25 feet. 

B. Beds containing Madurea magna, Leseuer . . . 200 feet. 

Dark-gray, massive limestone, weathering in darker stripes, 
an inch wide, containing the large Bucania seen elsewhere 
at this horizon . . . . . .40 feet. 

Tough silidous and magnesian rock passing into a two-foot 

bed of pure sandstone . .17 feet. 

Aggr^ate thickness ..... 305 feet. 

Orweil SeeHon, — ^An exposure in Orwell, Vermont, one mile northeast 
of the Tillage, presents only 50 feet of Madurea strata lying between the 
Caldferous and the Black River. 

Distribution op the Chazy. 

West and south of this point, through central New York and the tract 
west of the Adirondack region as fiir north as the Thousand Islands, 
the Chazy is altogether lacking. When it reappears to the northward, along 
the Ottawa river and in the vicinity of Montreal, it apparently consists of 
the measures that first disappear to the south in the Champlain valley. They 
are described by Logan as whitish sandstones interstratified with bands of 
green shale, followed by beds *' composed almost entirely of RhynehoneUa 
plena," and are supposed not to exceed 150 feet in thickness. This answers 
well to the top and bottom of the Valcour section. No beds containing Ma- 
durea magna are reported from Canada to the west of the outlet of Lake 
Champlain. These facts could be easily accounted for by supposing at the 
north an elevation of the sea-bed during the middle of the Chazy period, and 
at the south a simultaneous depression and submergence. If in the interven- 
ing region the submergence was continuous, we should have the whole forma- 
tion and the maximum thickness at the northern end of Lake Champlain. 
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310 G. H. WILLIAMS — STRUCTURE OF THE PIEDM03CT PLATEAr. 

EnxpivBC Boek$. — ^The rocks of nndoubted empCiTe origin frithin the east- 
ern or more highly crystalline area of Maryland are very abundant and 
▼aried. The extensive dynamic metamorphism to which they have been 
subjected has developed in them many features tending to disguise their 
original character and to confuse them with highly altered sediments. These 
rocks have been the most carefully studied and described of any occurring 
in Maryland, so that for the present purpose it will be sufficient to merely 
enumerate the more distinct varieties, together with references to the various 
articles which contain details of their character and alterations. These 
eruptive rocks may be arranged under three distinct types : * 

IrUermediaie Type (the most ancient), comprising : 
a, Hypersthene gabbro ; f 
h. Gabbro-diorite and its metamorphic product, hornblende schist; J 

c. Quartz gabbro, Harford county ; 

d. Norite, ELarford county ; 

e. Diorite, Dchester ; § 
/. Hornblendite; 

g, Homblende-biotite-quartz-diorite, Washington. 

Batic Type, comprising : || 

a. Pyroxenite (Websterite) ;^ 
6. Lherzolite ; ** 

c. Cortlandtite, Ilchester ; ft 

d. Serpentine, resultiug from the alteration of all the preceding basic 

rocks. 
Add Type, comprising : 

a. True or binary granite, Guilford ; 

6. Granitite, with allanite-epidote growths ;^^ 

e. Hornblende granite, Garrett Park ;§§ 

d. Granite porphyry,. EUicott City; 

e. Augen-granite gneiss, Texas, Baltimore county ; 
/. Felsite (quartz-porphyry), in dikes at Relay; 

g. Pegmatite (muscovite-biotite). |||| 

Rocks whose eruptive origin is either undoubted or most probable cover 
at least half of the now exposed surface within the eastern or more crystal- 

«.He» Am. OeoloeUt, vol. 6, Julv, 1800, p. 3A. 

t Hull. U. H. Geo! SurTey. no. 28, 1886, p. 18. 

: Ibid., p. 27. 

^Hobbn: Johns Hopkins University ClreaUurs, no. 65, 1888; and Trans. Wis. Acad. Sci., vol. 8, 
Norembflf in, 1890, p. 1^7. 

] Bull. IT. 8. Oeol. Surrey, no. 28, 1886, p. AO. 

• Am. Oeologliit, rol. 6, 1890, p. 40. 

•• Ibid., p. .38. 

■KHohbs: Loc. cit. 

tlHobb*: Johns Hopkins Unlrerslty Circulars, no. 66; Tochermak's mln. petr. Milth., toI. II, 
1889. p. 1. 

M Keyes : This Toluraa, p. 321. 

II Johns Hopkins Unirersiiy Clrcalars, no. 38, rol. 4, 1886. 
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312 G. H. WILLIAMS — STRUCTURE OF THE PIEDMONT PLATEAU. 



the same easterly dip the thick beds of sand- 
stone which compose Sugarloaf mountain. 
These thin out toward the north to a few insig- 
nificant sandstone patches, while toward the 
south they soon disappear beneath the Newark 
transgression. The Sugarloaf sandstone passes 
on its eastern side upward by a gradual tran- 
sition through shaly layers into sandy slates, 
and these again into the succession of sericite 
and chlorite schists, which compose the mass 
• of the semi-crystalline area. Beneath the sand- 
stone the shales are more disturbed, and, as there 
is here no such transition, this surface may rep- 
resent a fault or thrust, as suggested by Mr. 
Keyes.* 

The main body of semi-crystalline rocks in 
the Piedmont region are slatesand soft schists 
and, north of the Baltimore and Ohio main 
stem, narrow limestone bauds, which preserve a 
constant north to north-northeast strike. The 
dip of these rocks is always toward the east as 
far as a line (the axis of the fan) which runs 
nearly north from Great Falls, where they 
become vertical. Toward this axis the dip be- 
comes constantly steeper and steeper, yet the 
character of the rocks is but little changed save 
that they become gradually more shattered and 
criukled. 

After passing the vertical axis, the same 
structure is observed on the east as on the west, 
but in an inverse order. The dip of the strata 
turns gradually toward the west, becoming less 
and less steep as we proceed from the axis 
toward the coastal plain. As may be seen 
from the map, all the westerly dipping strata 
in the southern part of the Piedmont region, 
where the axis is nearly coincident with the 
boundary between the eastern and western 



•The conrf*^ of the ereat Tria-^sio trap dike, which extendn 
from EmmitMbiiig entirely acro^n the stale (see map). Is worth 
nottcioK in thiH connection. It is nearly parallel to the ••yn* 
clinal axis of the Piedmont plateau, and may represent a 
preexisting line of weakness in the crust. 
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314 G. H. WILLIAMS — STRUCTURE OP THE PIEDMOXT PLATKAU. 

(3) the extensive superficial decay to which they have been subjected. As 
we approach their eastern boundary the semi-crystalline rocks exhibit the 
effects of more intense dynamic action. Along the axis, where they stand 
vertical, and also east of it, they are much broken, crinkled, and corrugated. 
Still, all the disturbance and alteration observed in the semi-crystalline 
schists may be readily accounted for by a single earth-movement ; i «., by a 
force acting for a long time in a single direction. 

The rocks of the eastern area, as the preceding petrographical descriptions 
have shown, are, in spite of a certain correspondence of sedimentary types, 
broadly distinguished from the schists and slates of the western area. They 
have, indeed, by the most complete metamorphism and recrystallization, lost 
nearly all traces of any clastic structure which they may once have possessed. 
This general distinction is admirably illustrated by Mr. Keyes in his two 
figures of the microscopic appearance of the quartz-schist of the eastern 
area, and a sandstone of (he western area (this volume, page 321). These 
rocks may once have been nearly identical, but, if so, the former has lost 
its original structure quite completely. 

The much greater variety of rocks within the eastern area is largely due 
to the ancient eruptives, which are there so abundant. But these hard and 
resistant masses have suffered hardly less complete foliation and metamor- 
phism than the sediments which surround them, while in both this action is 
far in excess of what has taken place in any portion of the western area. 

Another point of great importance is the abruptness of the passage from 
the semi-crystalline to the holocrystalline rocks. The schists at Westmin- 
ster are hardly more crystalline than those bordering the Frederick valley, 
while so soon as we pass the boundary line between the two areas we meet 
gneisses as granitoid and perfectly crystalline as any to be found within the 
whole eastern district. 

The holocrystalline rocks occupy all the Piedmont area in Maryland east 
of the eastern base of Parr's ridge, except the infolded and overturned mass 
of soft schists surrounding the Peach Bottom and Delta roofing-slates, which 
descend in a south-southwesterly direction from York and Lancaster coun- 
ties, Pennsylvania* (see map, plate 12). Throughout all of the Piedmont 
area in Maryland east of the axis there is the general tendency to westerly 
dip above alluded to, and yet this feature is so much less constant m the 
holocrystalline than in the semi-crystalline rocks that it indicates a structure 
added to others which it has only partially obliterated. The very irregular 
areas occupied by the different rocks, the abrupt changes in trend and struct- 
ure, and the much more intense alteration of the sedimentary beds, all bear 

•There in a itfmilar oocurrene© of i^Utes between Ocooqimn and Qiianlico, tn Virginia. appar«>ntly 
wholly on the eastern side of the crysUllines; but here the rocks lying still farther eastward are 
buried beneath the formations of the coastal plain. At Oceoquan the grauite west of the slates is 
Intrusive into them. 
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of age for the semi-crystalline and holocrystalline rocks we may summarize 
the foUowiug points : 

a. The structure is not really a synclinal, but a fan-like divergence of dip 
from a central vertical axis, such as could not be produced by any synclinal 
bending in a continuous series of similar beds. 

6. Any cause altering any part of an original series more than another 
would not make an abrupt contact, such as we find between the semi-crystal- 
line and highly crystalline rocks of Maryland, but a gradual transition. 

c. Any cause altering one flank of a synclinal more than the other would 
make the contact between the two kinds of rock and the axis of the syn- 
clinal coincide, as is not the case in Maryland (see map, plate 12). 

d. The eruptive rocks of the eastern area are found in many places in 
close proximity to the blates or schists, without having effected their alter- 
ation ; hence they are either not the cause of raetamorphism, or they are 
themselves older than the semi-crystalline rocks ; and, moreover, the sudden 
disappearance of the abundant eruptive rocks at the edge of the western 
area b itself a strong reason for supposing that it is of later age. 

e. We cannot suppose that excessive dynamic action was the cause of the 
metamorphism, because where we should expect the folding force to have 
acted equally we find the hardest rocks (eruptives) much more altered, 
foliated, and disturbed than the soft argillites. 

In face of the facts, we seem, therefore, obliged to admit that the bound- 
ary line between the semi-crystalline and holocrystalline pyrtions of the 
Maryland Piedmont area represents a great time-break. Their contact is 
not an absolutely sharp line, no;* indeed is this to be expected, since, as 
Professor Pumpelly has recently pointed out, one formation may pass grad- 
ually into one lying unconforma£ly above it in consequence of superficial 
rock decay ; * and also since any metamorphism such as both these areas 
has undergone tends strongly to obliterate sharp lines of contact. Still, 
while not absolutely sharp, this contact is far too abrupt to accord with any 
supposition of a gradual or progressive metamorphism through the entire 
series from west to east.f 

The second and third of the above-mentioned hypotheses assume the dif- 
ference in age of the western schists and eastern gneisses and eruptives, 
which it is the main object of this paper to establish. The second hypothesis 
({. e., that there was a passively resistant buttress of crystalline rock) is, 

• This Tolume, pp. 209-224. 

flf the boundary of the eemi crystalline rocks of Maryland against the holocrystalline rocks 
really represents a great time-break, it may senm remarkable thsi basal conglomerates hare not 
been encountered near this line. These may exist, but as yet they have not been clearly identified. 
Their presence Is, of course, not necessary to prove the unconformity, althouteh (hey are to b« 
looked for. It is not impossible, as stated on page 309, that the conglomeratic sandstone which oc> 
ours on Deer creek, Harford county, between the gneiss and Peacti Bottom slate area, may b« of 
this nature. 
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the widely spread Leptama serieea, Sowerby. Meek's 
Orthis desmapleura from the Chazy of Colorado seems 
to be very closely related. The species here noticed are 
characteristic of the Trenton period. This fact, taken 
in connection with the stratigraphic position of the 
fossiliferous horizon, leaves little room to doubt that the 
strata here referred to are of Trenton age. But, as al- 
ready intimated elsewhere, the entire series of limestones 
and shales between the two great sandstones of the 
Catoctin and Sugarjoaf mountains probably represents 
the Chazy, Trenton and Hudson River formations of 
the more northern localities. 

In passing westward along the line of the section, the 
Piedmont plateau gradually increases in elevation above 
sea-level from about 200 feet on the eastern border to 
nearly 600 feet at the base of Sugarloaf mountain. This 
prominence rises abruptly to a height of almost 1,300 
feet above mean tide. The broad Frederick valley 
beyond has an elevation scarcely higher than the eastern 
part of the plateau. Lastly comes the Catoctin range, 
which rises nearly to an equal height with Sugarloaf 
Both mountain crests are formed of hard sandstone, 
shown in thin sections to be of unmistakable clastic origin 
(figure 4). The rocks between are contorted limestones 
and slates, the former being overlain by Newark (Triassic) 
sandstone for more than half its supposed extent. The 
Sugarloaf sandstone is seemingly identical with that of 
the Catoctin. By a double thrust it apparently presents 
twice its actual thickness, the upper member forming 
Sugarloaf itself, and the other member forming a some- 
what lower elevation immediately west of the mountain. 
By the intercalation of numerous thin argillaceous bands 
the great sandstone rapidly loses its sandy character and 
passes gradually into typical phyllites. These schistose 
rocks, in broad alternating hydromicaceous and chloritic 
belts, have a superficial extension half way across the 
plateau. At first the cleavage planes have a low angle 
and are parallel with the inclination of the great sand- 
stone; but gradually the inclination becomes greater 
and greater until near the axis, at Derwood station, it is 
perpendicular. Near Sugarloaf these planes have the 
appearance of being coincident with the lines of strati- 
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inechanioftl defomiAtioii, the edges aad angles being ground away and the 
fragments still filling the interstices^ The larger quartz grains exhibit, 
between crossed Nicols, marked undulatory extinction — a phenomenon 
quite characteristic of granitic msssgw that have been subjected to great 
dynamic action. 

Considerable interest attaches to the structure of Sugarloaf mountain, 
which was incidentally a subject of consideration in the construction of the 
section across the plateau proper. The thick massive sandstone forms a 
monoclinal with easterly dip. As regards the somewhat lower elevation to 
the west of the mountain, two hypotheses are presented, either of which 
would oflfer a satisfactory explanation ; but the substantiation of one or the 
other is immaterial in the present connection. There may have been a 
double thrust, thus giving the sandstone a measurement twice as great as 
the actual thickness; or the crests of the two elevations may represent 
parts of the same formation in which only a small amMint of sliding move- 
ment has taken place. The former of these suggestions, however, appears 
the more probable. 

As already stated, the upper portion of the sandstone passes gradually, by 
intercalation of thin argillaceous bands, into the schists lying to the eastward. 
These schists, for a considerable distance from the mountain, show no ap- 
parent contortion. Thin cleavage planes are coincident with the dip of the 
Sugarloaf sandstone. The r^rular succession of numerous thin argillaceous 
and sandy layers above the massive portion of the great sandstone would, 
therefore, seem to indicate that the cleavage directions of these rocks are true 
planes of stratification. In some of these undisturbed tranation be<ls to- 
ward the superior limit of the great sandstone the alternation of diilerent 
lithological materials is so marked that layers of sandrock, in every respect 
identical with the Sugarloaf stratum, and only from four to twelve inches in 
thickness, regularly succeed equally thin seams of fine clayey sediments. 
In places the effect of the light buff color of the narrow sandstone bands 
and the dark blue-black layers of the argillites is very striking. 

The slates on the western side of the Sugarloaf prominence are variously 
inclined, from nearly perpendicular to a comparatively low angle. They 
' appear in places considerably puckered. 

When the region was subjected to intense orographic pressure, the softer 
rocks were finely crinkled and puckered. On the other hand, the great 
thickness of sandstone was but little affected internally. It was faulted and, 
acting in large units, apparently slid over the softer layers. The facts as 
here presente<l show that below the sandstone the shales are more or less dis- 
turl>ed ; while above, the argillites are not at all affected, and appear inter- 
stratified with the upper portions of the arenaceous formation. This would 
point strongly to the conclusion that the plane of movement or thrust- was 
at the bottom rather than the top of the great Sugarloaf sandstone. 
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ffreat lava-flows ; similar flows are found also in abundance in the region 
south of the Bay of San Francisco. None of these flows are older than the 
Pliocene, and many of them undoubtedly belong to the Quaternary. There 
is, therefore, abundant evidence of erogenic changes in late Pliocene and 
early Quaternary times sufficient to divert the lower courses of the rivers. 

In brief, then, the general character of the changes in the Coast range 
region was as follows : During the Miocene the coast line was somewhere to 
the east of the Coast range, and the place of that range was marginal sea- 
bottom. At the beginning of the Pliocene the Coast range was formed, and 
the coast line was transferred westward beyond its present position to the 
border of the submarine plateau. During the Pliocene, continental eleva- 
tion commenced, and culminated at its end or perhaps in the early Quater- 
nary. All the islands bordering the coast, especially the high islands ofi* the 
coast of southern California, were added to the continent Meanwhile the 
rivers, whether rbing in the Coast range or breaking through gaps in that 
range, cut their channels deeper and deeper. At the beginning of the Qua- 
ternary, coincident with the great orogenic changes and lava-flows of the 
Sierra, there occurred also great lava-flows in the coast region which modified 
the orographic forms of the Coast range and changed the lower courses of 
the rivers. Soon after these orogenic changes the coast region went down to, 
or indeed considerably below, its present level and the deserted lower chan- 
nels were submerged. The fact that they were deserted, and that therefore 
they were unmodified by subsequent sedimentation, is the reason they run 
in so near shore and are so distinct. From this subsided condition, abun- 
dantly shown by elevated sea margins both on the mainland and on the high 
islands off the southern coast, the land was again raised to its present level. 
This, however, is far below its former position, and therefore the channels 
remain submerged. 

Changes in Rivers. — Concerning the courses of the Pliocene rivers which 
cut these channels we know nothing and it is vain to speculate ; this must 
be left to future investigation. But there is one river, and that the greatest 
in California, concerning which some words may be not wholly profitless. 

At the present time the tributaries of the Sacramento and San Joaquin 
pour their united waters into the Bay of San Francisco and through the 
Grolden Gate into the Pacific. But this outlet certainly did not exist in 
Pliocene times, for there is no submarine channel off the Golden Gate. 
Where then did the river emj}ty at that time? Probably far southward 
into the Pacific, off the Bay of Monterey. Professor Davidson tells me that 
a depression of 100 feet at the divide between the bays of San Francisco 
and Monterey would now empty the waters of the former into the latter. Is 
it not probable, then, that the deep channel running in close to shore in 
Monterey bay may be the submerged Pliocene outlet of this great river? If 
so, then the history of this river may be as follows : 
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moofl, in conseqaeace of the relactant yielding of the cmst and the capacity 
of ice to reproduce the conditions of its own accnmolation. Although the 
elevation produced the cold and therefore the ice-accamolation, yet the latter 
culminated long after the former had ceased and even after a contrary move- 
ment had commenced. 

I have been accustomed to illustrate this view by the accompanying dia- 
gram, figure 1. In this diagram, which, for simplicity's sake, treats the 
glacial epoch as one, the horizontal line, A B, represents time from the later 
Pliocene until now ; but it also represents the present condition of things 
both as to land-level and as to ice-accumulation. The fiill line, ed e, repre- 
sents the oscillations of land (and presumably of temperature) above and 
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below the present condition. The broken line represents the rise, culmi- 
nation and decline of ice-accumulation. The dotted line represents the crust- 
movement as it would have been if there had been no ice-accumulation. 

It is seen from the diagram that the ice-accumulation culminated at a time 
when the land, u^hder the pressure of the ice-load, had already commenced 
to subside ; and that the subsidence was greatest at a time when the pressure 
had already commenced to diminish. But the fact that the land, after the 
removal of the ice-load, did not return again to its former height in the Pli- 
ocene, is proof positive that there were other and more fundamental causes 
of crust movement at work besides weighting and lightening. The land did 
not again return to its former level because the cycle of elevation, whatever 
its cause, which commenced in the Pliocene and culminated in the early 
Quaternary, had exhausted itself. If it had not been for the ice-load inter- 
fering with and modifying the natural course of the crust movement deter- 
mined previously and primarily by other and probably internal causes, the 
latter would probably have taken the course represented by the dotted line. 
It would have risen higher and culminated later, and its curve would have 
been of simpler form. 
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ley from a third, or ** West Rutland valley," which in turn is bounded by 
the higher ridges of the Taconic range. 

In the high, abrupt frontal range of the Green mountains there occur 
crystalline schists, often gneissic, which pass eastward into the gneissic rocks 



FlGVBE 1. 



proper of the Green mountains. These schists contain beds of true con- 
glomerate, with a metamorphosed crystalline cement, and pass westward, ou 
the slope, into the quartzite of Vermont, which the discoveries of C. D. Wal- 
cott prove to be of lower Cambrian age ( OleneUus zone). This is succeeded 
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The first, about three miles south of the railroad, half a mile southeast of 
Clarendon Springs, is on the north side of a barn standing on the west side 
of the hill road to Centre Rutland. The bluish sandy limestone contains 
numerous crinoid stems and occasional plates, and rarely a small branching 
bryozoan with large cells. The forms are identical with those in the West 
Rutland valley. The locality is near the eastern border of this (Centre 
Rutland) belt. 

The second locality is a few feet from the contact of this limestone with 
the schists on the west. It is in the northwestern corner of Clarendon town- 
ship, in the bed of a stream crossed by the road from West Rutland to 
Clarendon Springs, about two hundred feet east of the covered bridge. A 
few crinoid stem rings were found here. This locality is about two and a 
half miles south of the railroad. 

The third locality b barely a mile south of the bend made by the railroad 
in passing from Centre Rutland to West Rutland. It \a on Boardman hill 
(the southern continuation of Pine hill), a few hundred yards south of the 
road ascending the hill from West Rutland, three hundred feet northwest 
from a new marble quarry, and about two hundred feet across the strike from 
the western edge of the limestone. The fossils found consist of a few crinoid 
stems. 

The belt of limestone in which the fossils occur at these three localities 
was traced almost without break to Centre Rutland and into the Centre 
Rutland belt. In the same way the schists bounding it on the west were 
followed into the schist ridge separating the Centre Rutland and West Rut- 
land limestone belts. 

It seems therefore established that the Centre Rutland belt is of the same 
general age as that of West Rutland (" Trenton-Chazy-Calciferous "), and 
that the Cambrian Rutland limestone is either not represented in it at all, 
or at best by a very small strip. 

Conclusions as to Structure. — ^The writer has given little attention to the 
structure of the schists between the Centre Rutland and West Rutland val- 
leys. The cleavage dips steadily eastward, but the positions of the strati- 
fication planes can be seen to vary greatly both in direction and amount of 
dip, so that only careful study can determine the true structure. The same 
statement must be made regarding the W^t Rutland limestone and the 
schists of the Taconic range beyond. 

The facts here stated prove that the limestone of the Rutland valley is of 
lower Cambrian age ; that in Pine hill it overlies conformably a massive 
quartzite, with associated beds of metamorphic conglomerate, cement rock, 
crystalline limestone, and gneiss, which bend around to join the similar 
series lying east of the limestone ; and that the Pine hill quartzite must there- 
fore be of OleneUus age, while the limestone, bounded on the east and west 
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to be nearly the same. The large amount of magnesia (10.3 per cent.) in 
6. H. Cook's analysis of the trap from the palisades of the Hudson is 
worthy of notice. 

£. S. Dana* made a microscopic examination of numerous specimens of 
trap from Connecticut, and of a few individual specimens from Nova Scotia, 
New Jersey, Pennsylvania and North Carolina, and found that, so far as 
microscopic structure goes, the rock frx)m these distant localities is hardly to 
be distinguished fi^m the trap of the Connecticut valley. He gave the 
composition of the rock to be " pyroxene, labradorite and magnetite, with 
also occasionally some chrysolite and apatite." He, too, called it dolerite. 

6. W. Hawes t discovered a glassy ground-mass in certain modifications 
of these rocks, and mentioned the occasional presence of biotite and horn- 
blende. Excepting local modifications, he considered the rocks to be like 
the ordinary old diabases, and in microscopic features to be monotonously 
alike wherever fresh stones occur. 

J. P. Iddings I examined microscopically the igneous rocks occurring in 
the earlier Mesozoic area at Orange, New Jersey, and found some of them 
to be holocrystalline and others to contain glass. He says the former should 
be called dolerites and the latter basalts. 

N. H. Darton, § in speaking of the igneous rooks of Uie New Jersey Meso- 
zoic region, says that they are remarkably uniform petrographically, as they 
are all basalts, varying mainly in structure and development 

These references are sufficient to show Uiat the trap rocks of the earlier 
Mesozoic areas upon the Atlantic border have been considered essentially 
alike in mineral and chemical composition, whether called dolerites, diabases, 
or basalts. 

Traps of exceptional Composition. 

Varieties, — We are glad to be able to bring to notice two interesting 
varieties to break the monotony of these igneous rocks. On account of the 
conspicuous occurrence of hypersthene in one variety, and of olivine together 
with hypersthene in the other, we have called the former hypersthene'diaboie 
and the latter olimne-hyperathene-diabase. 

The palisade area of Triassic rocks extends from the Hudson river, through 
New Jersey, Pennsylvania and Maryland, into Orange county, Virginia. 
As early as 1839, W. B. Rogers || called attention to the trap of the part of 
this area lying in Virginia as being a very conspicuous feature from a geo- 
logical point of view. He mentioned the occurrence of ridges, knobs and 

• Am. Jnur. Scl., 3d aer^ vol. VI (1, 1874, p. 810. 

iProo. U. 8. Nat. Mus., 1881, p. 129. 
Am. Jour. Sci., M ser., vol. XXXI, 1886, p. 331. 
Bulletin U. S. Geol. Survey, no. 67, 1890, p. 1ft. 
Geology of the VirglaJM, 18M, p. €76. 
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railroad in Culpeper ooanty, Virginia, about two miles north of Rapidan 
station. This rock weathers into globular masses and contains olivine through- 
out, so far as we could judge from making numerous thin sections. 

DeaeripUan of the HypenUiene-DiabaBe, — ^The hypersthene-diabase has a 
medium grain and is of a dark-gray color. The darker varieties have a 
somewhat greasy luster. The unaided eye can detect two dark minerals, 
the one nearly black, and the other deep honey-yellow or brown in a very 
light-colored background. Sometimes the light material occurs as small 
irregular veins running through the darker rock. 

In thin sections we were able to distinguish triclinic feldspar, diallagic 
augite, hypersthene, biotite, apatite and occasional quartz, hornblende and 
probably zircon. Black opaque grains were also present, and as these were 
magnetic and some of them showed a trace of titanium, they were considered 
to be magnetite and ilmenite. 

The structure is generally ophitic. It seems to be intermediate between 
the granular structure of gabbros or norites and the porphjrritic structure 
of the holocrystalline varieties of the augite-porphyrites, shading sometimes 
into the former, sometimes into the latter. It is owing to the predominant 
ophitic structure alone that we place these rocks among the diabases. The 
mineral composition would give them a place among the gabbros, for the 
monoclinic pyroxene is diallagic The hypersthene, however, more closely 
resembles that found in the hypersthene-andesites. These rocks afford an- 
other illustration of the view that the difference between gabbros and dia- 
bases is structural rather than mineralogical. 

Constituents of the Hypersthene- Diabase. — The feldspar makes up all of the 
light material which is visible to the naked eye. In thin sections under the 
microscope it appears principally as lath-shaped crystals, polysynthetically 
twinned. In typical specimens these crystals are rarely larger than 1.5 mm. 
in length by 0.3 mm. in width, the majority being much smaller than these. 
Tabular crystals also occur, but they are not very common. Truly idio- 
morphic crystals are rare. Zonal structure is frequently visible with crossed 
Nicols, and the angle of extinction of the central part is greater than that of 
the margins. Minute crystals of apatite and other inclosures occur here and 
there. The angle of extinction, measured between twins which extinguish 
equally on two sides of the twinning plane, was as large as 36^ in a number 
of instances, which points to the presence of anorthite. 

Two analyses of pure white material, separated by means of the Klein 
solution, between the densities 2.672 and 2.704 gave the following results : 
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Afiolytes of Feldspar. 

I. IL Ratio of L 

SiO, 51.40 61.08 "isse .866 

A1,0, -. 30.98 \ oi 1,; /•304\ «^. 

Fe|0, 22 I ^^-^^ i.OOll -^^^ 



MnO trace trace 

CaO 13.40 18.92 .240 

MgO 45 .59 .010 

K,0 .39 .39 .004 



lSa,0 2.85 2.85 .046 1 '^^ 

99.69 99.98 

B,0 : BO : R,Oj : SiO, = 1 : 6 : 6 : 17, which gives 6 (CajAl^Si^Oj^) : 2 (Na, AljSi^Oie) 
or 6 An : 2 Ab. 

The analjsetf show this part of the feldspar to be labradorite. The optical 
properties meotioned above point to the presence of anorthite. We judge, 
therefore, that there are at least two varieties of feldspar present. 

The monoclinic pyroxene is nearly black when the grains of it are seen in 
reflected light In thin sections the grains always have an irregular outline. 
Very feeble diochroism from greenish gray to greenish yellow can be detected. 
In most sections the interference colors are brilliant. Crystals cut parallel 
to the clinopinacoid show an angle of extinction slightly greater than 40^. 
Sections in which the perfect prismatic cleavage is at right angles give an 
axis in converging light. Such sections also show cleavage parallel to the 
clinopinacoid and interpositions and cleavage parallel to the orthopinacoid. 
This latter cleavage is the principal, if not the only, way of distinguishing 
between diallage and augite in thin sections. The resemblance to the dial- 
lagic augite, described by E. Boricky as occurring in the melaphyres from 
Bohemia,* is in some particulars quite striking. The interpositions are so 
numerous as to give the augite a fibrous appearance in ordinary transmitted 
light. They can be resolved with a high power into fine needles lying in 
planes parallel to the base, with their long direction parallel to the ortho- 
diagonal. Hence, in sections from the orthodiagonal zone, they appear as 
parallel lines of acicular microliths, while in clinopinacoidal sections they 
appear as points, arranged in lines making an angle of about 74^ with the 
prismatic and pinacoidal cleavages. 

Simple and poly synthetic twinning parallel to the orthopinacoid is quite 
common. Clinopinacoidal sections of such twins show the lines of interpo- 
sitions meeting each other at an angle of about 150^. In polarized light, 
lamellse parallel with these lines indicate polysynthetic twinning parallel to 
the base. 

The diallagic augite is the first mineral in this rock to undergo decompo- 
sition. 



* Bailey; The Study of Rocks, 1880, p. 186. 
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Two andyBes of freaii nuUerial from the ** Twins *" aeparmted bj the Kl^ 
flolation between the densities 3J05 and 3^ gare the following results : 

Analy9e9 of Dxallagie Au§ii€^ 

L II. Mean. Batio. 

SiO. 49.01 49.66 49.SS .822 .822 

A0, 8.85 9.44 9.15 .0e9\ ^, 

Fe,0, none .54 .27 .002/"^* 

FeO 9.06 9.06 9.06 .1261 

MnO trmce trice — _ I «>a 

C«0 16.94 15.89 16.36 .292 f '^ 

MgO 14.51 14.66 14.58 .365J 

K,0 .19 .19 .19 .002) rt,rt 

N«,0 .55 .55 .55 .008 { "'" 

Ignition 25 -25 .25 

99.55 100.23 99.78 

RO:R,0,:8iO,= 17:2:18. 

CkaraeUn of the Hjfpenthene. — Hypersthene is the most oonspicuoos 
mineral in the typical specimens of this rock. The grains, when isolated, 
are of a deep hoDej-yellow color. They are usually larger than those of the 
augite, and have a better defined outline. Under the microscope they are 
strongly pleochroic. Bays vibrating parallel to the brachydiagonal are 
brownish-red; those vibrating parallel to the macrodiagonal are yellow; 
those vibrating parallel to the vertical direction are green. 

In thin sections this pleochroism is distinct but not so marked. When 
the sections are very thin it is quite feeble. The crystalline form is fairly 
well defined, but the edges are usually irr^ular, owing to penetration by the 
smaller crystals of feldspar. When cut parallel to the prismatic zone the 
crystals are two or three times longer in the direction of the vertical axis 
than in the other direction. The length rarely exceeds 4 mm., and is more 
frequently only about 2 mm. Sections perpendicular to the vertical axis 
show the prisms truncating the edges between the much more strongly devel- 
oped pinacoids. 

Cleavage parallel to the prism of about 92^, as well as cleavages parallel 
to the brachypinacoids and macropinacoids, can be seen in cross^isections of 
these crystals. Imperfect cleavage perpendicular to the vertical axis and 
others parallel to the terminal faces are seen in longitudinal sections. 

The interference colors are low compared with those of augite. 

The direction of extinction is parallel to the pinacoidal cleavages and 
diagonal to the prismatic. Hence all sections will extinguish parallel to the 
longitudinal direction of the crystals. 

Sections which show yellow and green pleochroism give an acute bisectrix 
in converging light Sections showing prismatic cleavage at right angles 
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gite an obtuae bisectrix in converging light Hence the ojjtical character 
of the mineral is negative, since the vertical direction is that of least elas- 
ticity. 

The inclosures so commonly found in massive hypersthene are entirely 
absent The mineral has the same microetructure as the hypersthene which 
occurs in the porphyritic rocks. Well defined crystals of feldspar and grains 
of augite are nearly always inclosed in the hypersthene crystals. Bands of 
augite are sometimes intergrown with the hypersthene. 

An intergrowth between hypersthene and a colorless mineral, which is 
probably plagioclase, exhibits granophyre structure in a section from the 
"Dumpling." 

The material for the analyses I and II, given in the table below, was sep- 
arated by the Klein solution at the density 3.356, after removal of the 
magnetite. The grains seemed to be A*esh and pure when examined under 
the microscope. 

Analyses of Hypersthene. 

L^Twins. II.— Twins, Mean, Ratio, Ill.Suffalo 

Peaks. 

t ' . 

8i0, 62.06 62.266 62.16 .886 .886 60.048 

A1,0, 2.97 8.08 8.00 .080 \ ^«« « q^ 

Fe,0, 0.26 0.64 0.46 .008 f '^^^ ^'^^ 

FeO 16.16 16.16 16.16 .210 | 17.812 

MnO 0.87 0.86 0.36 .006 I «^« 0.120 

CaO -. 6.00 6.88 6.94 .106 f •**^" 6.696 



1' 



MgO 21.82 21.96 21.89 .647 J 21.744 

K.O 0.04 0.04 0.04 .0004 ) ^« ^ „,. 

Na,0 0.16 0.16 0.16 .0026/ ""^ "'^^^ 

Ignition 0.08 0.08 0.08 

98.92 99.66 99.24 99.696 

RO:R,0,:SIO, = 27:l:28. 

Upon comparing the analyses of the hypersthene from the " Twins " (I 
and II) with the analysis (III) by W. F. Hillebrand * of the hypersthene 
occurring in the hypersthene-andesites from Buffalo peaks, Colorado, it will 
be seen that the resemblance is as striking as that shown by the examination 
of thin sections. 

A8$oci€Aed Minerals. — Biotite occurs in minute crystals here and there 
throughout the rock. Its outline is usually irregular, but occasionally angles 
of 120° were measured in basal sections. It occurs usually among the crys- 
tals of feldspar, either alone or surrounding magnetite. It may also be seen 
within the hypersthene and augite or along the edges of these minerals. 

The apatite occurs inclosed in the feldspar or in the other minerals, having 
the form of fine needles. 

***0n bypersthene-Midesite/' •to., by Whitman Cross : Bulletin U. 8. Geol. Sanr., no. 1, 1883, p. 20. 
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Quartz was noticed under the mieroecope in the rock from the '* Dump* 
ling " as isolated grains with fluid iuclosures, and also intergrown with the 
feldspar, showing granophyre structure. 

Green hornblende has been noticed in several sections. 

Description of the Olivine- Hypersthene-Diabase. — ^This rock has a coarser 
grain, a mo^e greasy luster and a darker color than the one described above- 
It weathers into globular masses. In thin sections the crystals of hypers- 
thene are conspicuously larger than in the other rock, some of them meas- 
uring 6 mm. in length and 3 mm. in width. Olivine occurs quite abundantly 
as fresh crystals, with well defined outline, varying in size from 0.2 mm. to 
4 mm. in diameter. Alteration has begun to take place along only the 
cracks. Biotite seems to be more common in this rock than in the hypers- 
thene-diabase. The other constituents of the latter rock make their appear- 
ance here also, with perhaps the exception of quartz, which we have not 
observed. 

The composition of this rock and its relations to the hypersthene-diabase 

as well as to a normal Mesozoic diabase from Connecticut are shown in the 

following analyses : 

' Chemical Analyses of Diabases, 

I, — Hypersthene- IL — Olivine- III. — Diabase, 
diabase. hypersihene- West Roek^ 

diabase. New Haven. 

Sp. gr. = 8.09. Sp. gr. = 3.10. Sp. gr. = 3.03. 

SiO, -. 61.81 50.88 51.78 

A1,0, 18.64 18.17 12.79 

Pe,0, 0.62 1.11 8.69 

FeO _ 8.49 9.66 8.26 

MnO trace trace 0.44 

CaO_ -. 12.41 10.19 10.70 

MgO 12.78 18.05 7.68 

K,0 0.82 0.81 0.89 

Na,0 1.40 1.17 2.14 

TiO, - _ trace 1.41 

PjO, trace .— . 0.14 

Ignition. 0.14 0.63 

100.82 99.67 99.89 

The material chosen for analysis was perfectly fresh. The hypersthene- 
diabase (I) came from the quarry on the "Twins," in Culpeper county, 
Virginia. The olivine-hypersthenenliabase (II) came from a dike in the 
railroad cut not far from the " Twins." 

We wish to call attention to the occurrence of hypersthene, a mineral rich 
in magnesia, in a diabase (I) which contains a large percentage of magnesia 
(12.73 per cent.) in contrast with the absence of this mineral in the normal 
diabase (III), which contains a very much smaller percentage of magnesia 
(7.63 per cent). The olivine, together with hypersthene, also occurs here in 
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Paleozoic rocks, which rest at steep angles against a core of metaraorphic 
gneisses and granites. At the base of the mountains are the seams of coal 
which form the chief source from which Montana's great mining and smelt- 
ing industries must derive their supply of fuel. Unlike the lignites of the 
plains, these are true bituminous coals of excellent quality, and vary from 
dry steam coals to excellent coking varieties. These bituminous coals are 
all older than the lignites, and belong to two geological horizons: Those of 
Sand coulee, Deep creek and other localities in the vicinity of Great Falls* 
on the Missouri, have recently been determined by Professor J. S. Newberry 
to be of Kootanie age. In Montana the Kootanie rocks have not been 
found on the eastern slopes of the Rockies, save in the vicinity of Great Falls 
and in the Judith basin. Over half the entire coal product of the state is 
obtained from strata of later age, which are found in the two fields forming 
the subject of this paper. 

The relative amounts of coal mined in the state in 1889, from the three 
geological horizons, were as follows : 

Lignite 5,263 tons. 

Later Cretaceous .... 191,138 " 
Kootanie . . . . . . 166,480 " 

These amounts will be exceeded during the present year (1890), but the 
figures will show quite as small a percentage of lignite mined, despite the 
wide range of this variety of coal throughout the state. So far as known, 
the bituminous coals are limited in their occurrence to the eastern and 
mountainous regions of the state. 

Aside from the Kootanie coals of Great Falls, bituminous coals are known 
to occur only in the following fields : In the Upper Gallatin basin ; near 
Virginia City ; in the Cinnabar field on the Upper Yellowstone ; in the so- 
called Bozeman coal field, and in its continuation eastward, the Rocky fork 
field. 

The Cinnabar field was studied in some detail last summer, in connection 
with a geological examination of the region for the United States Geological 
Survey, in continuation of the geological survey of the Yellowstone National 
Park under Mr. Arnold Hague, and the identity of its coal-measures with 
those of the Bozeman field was established. The TM)al-bearing strata of the 
latter field were traced for a distance of about 100 miles. 

The Cinnabar Coal^Field. 

Location. — ^The small field known by this name is immediately north of 
the Yellowstone National Park, on the banks of the Yellowstone river. 
After leaving the deep cafions of the Yellowstone National Park, the Yel- 
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Slide. The following section shows the sequence of the beds from the coal- 
bearing strata down to the Carboniferous limestones (the same sequence being 
represented graphically in plate 13, figure 1) : 

The Cinnabar Section. 
Number ThiekneM 
of bed. in feet. 



29 800 Sandstones, containing coaL 

28 5 Coal seam. 

27 125 Sandstones, white, massive, cross-bedded. 

26 240 Fissile, argillaceous sandstones and shales. 

25 450 Shales, generally crumbly, with layers of black bituminous 

shale and harder sandy ledges. 

24 225 Shaly sandstones and limestones. 

23 40 Sandstone. 

22 165 Sandy, splintering, gray shales and limestones. 

21 500 Black bituminous shales. 

20 40 Limestone. 

19 400 Black shales, sometimes arenaceous. 

18 10 Sandstone. 

17 250 Black and dark-blue shales. 

16 15 Sandstone. 

15 75 Sandy shales. 

14 10 Sandstone. 

13 340 Thinly laminated arenaceous shales. 

12 15 Sandstones. 

^11 75 Shales. 

10 30 Quartzite. 

9 10 Limestone. 

8 150 Sandy shales. 

^ 7 50 Red earthy limestones, magnesian. 

6 40 Conglomerate. 

5 95 Sandstone and shales. ^ 

4 151 Sandstone. 

85 Red earths. 

20 Coarse, arenaceous limestones. 

160 '* MyaeUea beds." Earthy, crumbling limestones. 

The lowest beds in this section, designated as Jurassic, are earthy, crumbling 
limestones, characterized by numerous fossils, Myacites fubeompressa being 
extremely abundant, together with many other forms common to the Rocky 
Mountain Jura, such as OryphcBa, Pinna^ Trigonia, Oervillta, Pentacrinus 
asteriseus, etc. 



^ 
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Overljing these Jurassic shaly limestones is a hard ledge that is often a 
coarsely crystalline limestone, passing into sandstone and even into grits and 
conglomerates. It is characterized by an abundance of shell fragments, with 
many specimens of KhyndumeUa myrani, CamptoneeteSf and other Jurassic 
ferms. This horizon is very persistent, occurring wherever the Jurassic has 
been identified in the mountains of Montana, and forms a very useful datum 
plane in looking for the coal-bearing strata. 

The conglomerate bed (number 6 of the section) undoubtedly represents 
the Dakota, but no fossils have been found either in it or in the trausitional 
sandstones. Above this Dakota conglomerate there is a very persistent bed 
of limestone (number 9 of the section), which is distinguished by great 
numbers of small gasteropod shells, undoubtedly a fresh-water species, but 
as yet neither identified nor described. Above the limestone lies a bed of 
very dense quartzite (number 10), which has yielded no fossils. 

In the shaly sandstones above the quartzite (number 12), specimens of the 
peculiar Osirea anomwides have been found, both in this and in other locali- 
ties. Above these shaly sandstones there is a series of beds which, in this 
section, are not like typical Fort Benton shales, but are harder and more 
sandy and include sandstone layers. Number 21 of the section is, how- 
ever, a crumbly, black, bituminous shale, weathering down to a black earth, 
and these beds gradually pass into sandy shales, often rather hard, and 
weathering out as ledges. Where this series (numbers 21 to 26) is exposed 
iu a cliff face, as is the case on the eastern side of the Electric-Cinnabar 
mountain ridge and in the cafion of Gardiner river, inside the national park 
boundary, they appear as leaden-gray, thinly bedded muddy limestones, with 
square jointing and numerous harder brown layers which sustain the vertical 
face of the cliff, the whole exhibiting the usual facies of the marine Creta- 
ceous series. These beds form the sag south of Cinnabar mountain. 

Above these muddy sandstones and shales there is an abrupt change in the 
sedimentation to creamy white, quite pure sandstones (numbers 27 to 29). 
The coal seams of workable thickness all occur in this series of very light- 
polored, cross-bedded sandstones, which aggregate some 600 feet in thick- 
ness. Although generally rather soft and sometimes loosely compacted rock 
easily crumbled between the fingers, these sandstones frequently form con- 
spicuous bluffi, the underlying beds often weathering into steep and bare 
slopes capped by mural ledges of this sandrock series. 

These coal-measure sandstones are very generally cross-bedded, while a 
predominating leafy structure is conspicuous on weathered surfaces, the rock 
splitting into plates of one-half or even one-quarter of an inch in thick- 
ness. This structure produces very picturesque forms of weathered ledges. 
Although the coal-measure series is generally sandy, there are thin belts of 
shale and clay associated with the many thin seams of coal. 
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The CodlrMeatures and the Working$. — The accompanying figure 1 shows 
the number and relative position of the workable coal seams at the various 
openings in this field. As, however, the outcrops of the coal seams are 
always covered by debris and sand, it is impossible to 
obtain a perfect section showing all the seams. 

The sections made at the Horr and Craig mines 
show three workable seams, and it was noticed that 
while there is little doubt that the same seams of coal 
are worked at these two mines, yet the thickness of 
sandrock between them varies at the two localities. 
Careful measurements made in prospecting the field 
show that the thickness of sandstone between the two 
upper seams varies from 180 feet to 200 feet. At 
present, coal is mined at three localities, the Horr 
mine being the most important. The company con- 
trolling this mine own the extreme end of the Elec- 
tric spur. The workings are all in faulted blocks, 
which was at first supposed to preclude the possibility 
of successfbl mining. A large block about a mile 
wide at the northern end of this ridge has been dropped 
some 600 feet by a fault, while the extreme end is 
formed of smaller blocks tilted at various angiesw The 
coal is of excel lent quality, however, and makes such 
fine coke that it has secured a ready market, and 
considerable miuing has been -done. 

The oldest opening was in the lowest of the three workable seams, and 
was mined to the extent of 100 tons a day. A new tunnel is now worked in 
the northern part of the property, in the same seam, and a considerable out- 
put conies from a tunnel in the middle main seam (or H), The total output 
for 1889 was 22,400 tons. It was expected that the output for December 
(1890) would exceed 250 tons a day. The upper seam has not been mined 
as yet, though the outcrop has been opened at a few places to ascertain it9 
character. 

The present workings consist of the three tunnels mentioned, the coal 
being mined by the ordinal^ methods. 

The sections represented in figure 2, taken at the ends of the tunnels at 
the diiferent mines, show the character of the lower seam now worked. 

The lowest seam {Ey figure 1) found at the Horr workings is about one 
foot thick. Some 30 feet above it is the lower of the two seams now being 
worked. Above this seam the sandstone is broken by a layer of intrusive 
rock, called " whinstone " by the miners, which is about 10 feet thick. Three 
feet above this layer the baked shale carries fossil leaves. An examination 
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excellent and meets with a ready market, but the property must necessarily 
be limited by the fault, although the owner is convinced that the coal runs 
under the gneiss. 

An incline follows the coal, which dips eastward at an angle of 40^ at the 
surface, but becomes 60° some 100 feet below. At present this incline is 175 
feet deep, and the seam is but little worked on the levels. The seam shows 
two to three feet of clean, brilliant coking coal, underlain by a thin parting, 
with a lower bench of bony coal that is not worked.* 

About 40 feet above this seam the outcrop of another large seam shows 
the following section : 

Top coal 15 inches. 

Fire-clay 4 " 

CJoal 30 " 

Clay J " 

Coal 3 " 

Parting i " 

Bottom coal 4 " 

An igueous rock similar to that found at the Horr mine occurs in the 
coal rocks on this side of the river, and is clearly intrusive, cuttiog across 
the beds. 

A section of the beds on the southern side of Trail creek, at the Bowers 
mine, shows eleven seams of coal aggregating 21 feet ; but only two of the 
seams can be worked. The following section shows the position of the veins : 

Section of Coal-Measure Sandstone at the Bowers Mine, 



Massive sandrock, firm, light-gray. 

Coal seam. 

Sandstone, breaking into small angular fragments. 

Shale, dark-gray. 

Coal seam. 

Shale, hard and slaty. 

Sandstone, with shelly structure. 

Coal ; middle seam. 

Red limestone, very magnesian. 

Sandstone. 

Coal ; called by the miners " upper bastard vein.'' 

Sandstone, thinly fissile, brown. 

Coal. 

Sandstone, shaly at top. 

Coal. 

Fissile and leafy sandstone. 

Sandstone, massive, with jointed surfaces rounded. 

Coal ; poorly defined ; vem 2 or 3 feet ; the rest shale. 

Sandstone, massive, brown, much pitted by weathering. 

Coal. 
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Although the Cinnabar field is quite small and the ooal-meftsares axe 
scattered and broken, so that very extensive workings are not possible, jet 
as the measures yield an excellent quality of coal [the portions now worked 
will no doubt be thoroughly exhausted before the field is abandoned. 



The Bozemak Coal Field. 

Locaiionf Extent, and Oeneral Oeology, — Some 40 miles north of the 
Gnnabar coal field is the so-called Bozeman field, the best-known and long- 
est-worked coal field of Montana. Although the ceals of this field were 
known in 1871 and were examined by the geologists of the Hayden survey,* 
no exploitation was attempted until after the organization of the Northern 
Transcontinental survey, for whom Mr. Gkorge H. Eldridgef made a careful 
examination of the field, resulting in the purchase and working of the most 
promising portions at Timberline and Cokedale. 

In its entire extent, the Bozeman ooal field embraces the foot-hills lying 
at the northern base of the Boulder mountains and their continuation in the 
Snowy range westward to Livingston and over the Missouri-Yellowstone 
divide to Rocky cafion, where the outcrops swing around and occur at the 
eastern base of the Bridger range, having been traced northward some 25 
miles. The field thus occupies the angle between the northerly trending 
Bridger mountains and the east-and-west range of the Snowy and Boulder 
mountains. 

The general geological structure is that of a large synclinal basin whose 
southern and western borders are the mountains just mentioned. These 
ranges are formed of steeply upturned Mesozoic rocks, resting conformably 
upon Paleozoic limestones, which lie at a steep angle upon metamorphic 
gneisses. The chief feature of the r^on is a sharp folding of the sedimen- 
tary rocks, in general parallel to the line of contact with the Archean. 

There is generally a strike fault, or its equivalent fold, running along the 
range before the beds flatten out toward the lower country on the north and 
east. 

In the angle formed by the meeting of the Bridger mountains and the 
eastern ranges, this structure is disturbed by three sharp anticlinal folds, 
whose axes pitch steeply toward the north ; so that while erosion has ex- 
posed the Carboniferous rocks on the ridges the productive (Mesozoic) coal- 
measures curve uninterruptedly around their ends. The western anticlinal 
is cut at right angles by the picturesque gorge of Rocky cafion, through 
which the Northern Pacific railway passes to the Gallatin valley. The 
larger streams issuing from the mountains, particularly the Yellowstone and 

*\»i Ann. Rep. U. 8. G«ol. Mod Oeo|c. Suft. Terr., 1971, p. 46; Sad Ano. Rep., 1872, p. US. 
t Report 10th Census, Tol. XV: Minlog lodustries, 1884, p. 789. 
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Ookedale Section. 
Number Thickness 
of bed. in feet. 

38 3,000 Green and gray shales, with interbedded sandstone, 
poorlj assorted. 

37 2,300 Sandstones of varying degrees of coarseness, poorly 
bedded, of volcanic material, the finer-grained lay- 
ers like volcanic tufl&, carrying leaf remains. 

36 2,500 Sandstones and local beds of conglomerate ; particles 
subangular, wholly of volcanic material. 

35 30 Conglomerate. 

34 140 Sandstone. 

33 2 Limestone. 

32 210 Sandstone. 

31 5 Ck)al. 

30 15 Shale. 

29 5 Coal. 

28 250 Sandstone ; contains several seams of coal. 

27 75 Massive sandstone ; white, cross-bedded. 

26 150 Sandstone ; " Tombstone " beds. 

.3-25 1,150 Sandy shales and earthy limestones. 

S^ J 22 25 Sandstone, forming prominent hog-back. 

21 300 Calcareous shales, muddy limestones and sandy shales. 

20 30 Sandstone, with conglomerate belt at top. 

r-19 630 Dark gray earthy shales, with sandy belt in center. 

1-16 765 Earthy gray and blue shales, with two sandy belts. 

10 60 Quartzite. 

J- 9 250 Red, earthy magnesian limestones and fissile sand- 

stones. 
6 35 Conglomerate. 

o* f 3- 5 150 Red earthy sandstones and shales. 

it 2 30 Limestones passing into sandstones and grits ; Jurassic 

1 1 fossils. 

S t 1 200 "Myacites beds." Limestones and shales. 

The section is represented graphically and in greater detail in the diagram 
forming figure 2 in plate 13. 

The uppermost beds of the section form the valley of Bill man creek. The 
sandstones form bold combs and ledges, with intervening beds of very soft 
and crumbly green clays. A detailed section of these beds, or of the beds 
beneath, lying between them and the coals, is of comparatively little valuci 
as the sandstones vary both vertically and laterally from fine-grained rocks, 
showing little evidence of bedding, to cross-bedded and rather friable sand- 
stones, with local beds of conglomerate. 

Beneath these beds lie sandstones (number 36), free from clays but of 
extreme variability, sometimes conglomeratic and often so fine-grained, 
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The Bozeman coals were placed provisionally in the Fort Pierre group by 
Professor Pumpelly in his report upon the coals of Montana. 

Conclusion. 

While the evidence presented in this paper is not considered conclusive, 
and while the work upon the district is not far enough advanced to warrant 
a final statement, yet is believed that the facts show that the coal-measures 
of the Cinnabar and Bozeman coal fields are probably of Laramie age, occur- 
ring at the very base of the Laramie series ; and that they are conformably 
overlain by a totally different series of rocks, composed entirely of volcanic 
material and containing an abundant fossil flora of recognized Laramie types, 
in turn overlain by beds of fresh-water clays and sandstones of undetermined 
age, but belonging to what has heretofore been considered as undoubtedly 
Laramie strata. 
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Substituting (9) in (10) and reducing, 

(2a;'- r* + l)r' - 4pVy' (2 »' - r* + 1)' - 4a;Vp-' 



-{ 



(2y'-2xyp-'-r'+l)(2x'+2pxy — r'+l) 
-4p-^i^-py) 

(2/ - 2 pxy-r'+l)(2 f + 2 xyp-' - 1* + 1) 
-4p-^i:^-pV) 



(11) 



CaDcelling 4 (oi^—p^y^), clearing of fractions, and changing to polar coordi- 
nates* we have (since 2 a:* — r* = r* (2 cos^^ — 1)= r* coa 2f , and 2 y* — r* 
is similarly — r* ccw 2 f , and 2 «y = r* ww 2 f*), ' 

(r* CM 2 sp +1)' — pV mh' 2 sp — p' (1 — r« co« 2 f*)' 

r" / sin 2 ^\ 

+ f* nV 2 sp = pit I — (^— r» co«2 f — r« — — ^ j 

(1 + r* co« 2 f +^ «n 2 fO — (1 + r* CMr 2 f — pr* sin 2 f ) 

l-r*co«2f 4- jT"^!* 

Arranging now according to powers of r, cancelling and putting 1 for 
«V + coi^ — 

r* (!-;>') + 2 r^CM 2 f (1 +p») -j^' + 1 = 2 pA(r*- 1) ; 

or — 

a 

bat since p=:cot q , according to Chauvenet (Trig. Eq., 142) — 

-^^^ = 2csca , ^ = - 2 co< a. (13) 

Dividing the numerator and denominator of the coefficients in (12) by p 
and substituting from (13) we have — 

^, ^ 2 C8C a — 2 cot a + 2 k 

' ^ — 2 cot a — 2 k — 2 cot a — 2 k- 

From this, replacing k by cot ^, we have (1). 
For certain values of f , equation (1) is much simplified, so that r and the 
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location of certain points of these curves are quite easily found. In fact we 
have, if — , 



f = 



a ^coi a zheot p sin (a -- p) 

2 ~ coi a + cot p ^ sin (a + ^)' 



or 1 ; 



90^ ± 2 ^' 



eot a — cot p 9in ( a — p) . 

cot a -^ cot p'^~' sin (a + ^) ' 



^ = 45» r'--,^,— ^-^,>- 



cot a —cot p 
cot a + cot p' 



sin {a — p) 

' gin (a -f /?) • 



f = r»: 



CSC a -{-CSC p'^ sin ^ ^^ 



sin 



90*^ r» « - 



CfC a 



CSC p 



cos 
sin 



i ("- P) 



cota+cot^ 2i(-+/J) 



Sin 



(14) 



Moreover, these curves cut the axes in general at right angles while they cut 
the primitive at an angle p ; so that, when the points for the above radii are 
. plotted, the curves are not difficult to sketch. 

The projection used in figure 6 gives the highest degree of symmetry to 
the curves, and for the radii noted in (14) ^ and p enter so symmetrically 
that solutions for one octant answer with slight modifications for other 
octants and interchanged a and p. 

Probable Difference between solid Angles and their Traces, 

§ 5. The probability that a given solid angle, PiCP,, will be cut to give 
a certain plane angle is indicated in figure 6 by the area between successive 
curves. Thus a glance at figure 6 gives us some idea of the various prob- 
abilities. We must remember, however, that the bounding planes of a min- 
eral cannot be cut very obliquely if they give a well-defined and easily 
noticed outline. The same holds true of the development of cleavage cracks : 
but it does not hold true for twinning lines, since in this case sharp inter- 
ference bands appear along the line of juxtaposition of two twins when they 
are placed between crossed Nicols. 

The breadth of the border (6) made by a plane (Pj) depends on the thick- 
ness of the thin section (d) and on the angle at which it is cut (^SP^), The 
formula is — 

b = deot SP^. 



Digitized by VjOOQIC 



374 A. C. LANE — THE ANGLES OP CRYSTALS. 

By writing ^ — ^ j for ^ we can refer ^ to any initial line, and if we have 
a similar equation derived from C, iS, and P, we can eliminate r and have 
an equation of the fourth degree to determine <p. This I have already ob- 
tained.* If, in figure 3, ^ is measured from 0,0, the bisectrix of PjCP,; if 
«i = ^^1, «. = (^P^. S^i = i < i'l^'P,, n = tot < SC : SP^, and rn^coK 
SC : SP^, then <p is determined by the following equations: 

A cm + B , . Euriip cos^ + F .-. 

ian<f=i — 71 --, i,,and^u^^ = — 4 . /t— - ; W) 



tan' if {F' + 1^-0') + tan' <f (2 F' + IT-- C + R - A' + E') + 
B'-A' + F' + 2 (tail' if + inn if) (DB + EF - ^C) =0, 

where — 

A=^ — cos if^ (cot a^ — cot «,) ; 
^ = — sin f I (n cot a^ + m cot a^ ; 
C = «f7i ^j (co< fltj -|- <»o< a^) ; 
X) = — co« ^1 (/icof Oj — m ^o< «j) ; 
E = w — w ; and 
i*' = — sin f I fo« f p 

Application to AugitCy etc. 

§ 7. There is one most frequent case that we may consider in detail : It 
arises when one of the three planes whose traces are supposed to be seen 
bisects the angle between the other two. This occurs in hornblende, augite, 
olivine, feldspar, titanite, pyrite and other minerals. It may be treated 
by either construction ; and equation (5) of § 6 takes the much simpler 
form — 

cos2if^n+h± \/{a +b+ 1)'^ ^^ 6, (1) 

where — 

(n-\-m \^ , , / 2 \« 

a =s I - cot a] and b =• \ cot a\ . 

\/* — m J \n — m J 

We have also — 

b(\—cos2 0)=zl-{.cos2<f. (2) 

We derive (1) from (5) of § 6 as follows : cos a^ = 0, sin f , = — 1, co< f * = 
cot a.^ ; and we may drop the subscripts and write cot a for both. Therefore, 

♦ Tschermak's MIn. u. Pel. Mitth., Octob«»r» 1887. p. 207. 
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A=D = F^O; B=^in + m)cota; C = — 2 ooe « ; and £ = m — n. 
Hence, from § 6— 

— J5 . ^ — E cos If 

Since «V d + eo^ ^ =* 1, we have — 

B'coeip + E'(^ if r= C\ (4) 

gj and 6 = \f])* *°^ ^® "'^Y ^^^^ ^** ^ = ^» 

/p 
i. e,f cof f» = 1 -• Accordingly — 

ax 
whence — 



Butasz= coi(f^=^ o » equation (1) follows at once from (6). We 

maj develop it into a rapidly converging series. Moreover, putting 6 in 

GO^ <f 

equation (3) we have «V ^ =» , • Substituting 2 B and 2 ?> for ^ and ^, 

we obtain (2). 

In number* 909, for example, there is an augite twin, quite obliquely 
cut, which is sketched in figure 2a. From it. we have the following data : 
The trace of twinning (100) is parallel to the^ vertical cross-hair when the 
rotating stage is at 7°.l. Similarly for the trace of (iTO) we have 340.°9 ; 
for (110), 63°.l. Hence n = coi 26^2 = — 2.0323, and m = coe 56^.0 = 
0.6745, and we have the following solution : 

coia^ cot 46° 27' ; log. cot a = 9.9780 
m — n=^ 2.7068 ; log. m — n^ 0.4324 

Subtract 9.5456 X 2 = 9.0912 ; 

m f n = — 1.3578 ; log. m + n = n 0.1328 

Add to the above : n 9.6784 X 2 = 9.3568. 

Log.-* 9.0912 = 0.1234; log."^ 9.3568 = 0.2274 = a. 
Multiply 0.1234 by 4. and we have 0.4936 = 6. 

* The aarobers refer to seotloox ia the collectionn of the Michigan State Qeologlc*! Survey. 
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bleude, irregular portious are nearly colorless, extinguishing, however, 
simultaneously with the brown parts. 

Professor G. H. Williams* has described compact greenish hornblende 
from the Baltimore gabbro area, regarding it as a secondary product of the 
diallage, it being intimately associated with fibrous hornbleade of undoubt- 
edly secondary character. In another paper f he points out that it has long 
been recognized and experimentally proved by Mitscherlich and Berthier, G 
Rose, and Fouqu6 and L4vy that pyroxene and hornblende are two crystal- 
lographic forms for the same molecule, of which the former is stable at high 
and the latter at low temperatures ; and he gives evidence of the alteration 
of hypersthene to compact brown hornblende. 

Professor R. D. Irving concludes that the compact brown basaltic horn- 
blende in certain hornblende-gabbro rocks of the Lake Superior region 
results from the alteration of pyroxene. 

It may well be, therefore, that all of the hornblende of the diabase-diorite, 
even when compact and brown in color, is the result of paramorphism from 
pyroxene. 

All of the slides described above exhibit the same ophitic structure, and 
the entire area is believed to have been originally diabase. Associated 
with the diabase-diorite there is an aphanitic black rock, found in small 
amount only. It has been collected on the southern flank of Black point 
and on the southeastern side of Pyramid hill. While one would infer from 
some hand specimens, showing the fine-grained rock and the diorite in con- 
tact, that it must occur as dikes in the diorite, a study of an exposure on 
the southeastern slope of Pyramid hill did not lead to this conclusion ; the 
rock occurring there in small bunches and, apparently at least, grading into 
the coarser rock. Number 286 is a specimen of this aphanitic black rock. 
It is com|>o6ed of lath-like plagioclase and flecks of fibrous green hornblende 
imbedded iu a fine ground-mass of feldspar microlites and grains of mag- 
netite. The latter is very abundant, and doubtless gives the black color to 
the rock. The feldspar phenocrysts are of notable size. 

On page 412 of the supplement to this paper will be found two analyses of 
specimens from the diabase area by Dr. Melville. Number 44 is a diabase- 
diorite, and number 43 is one of the diabases above described. It will be 
observed that the two analyses are remarkably alike, and also that they do 
not differ materially from the analyses of Mr. Becker's pseudodiabase.^ It 
may be noted that the composition of the glaucophane schist (supplement, 
page 413) is very similar to that of the diabase. 

PeridotUe and Pyroxenite, — Another large mass of crystalline rock, ap- 
parently also ^uptive, lies south of the diabase area just described. It is 

• Bulletin 28, U. S. Geol. Surr.. 1886, pp. 40-42. 

t Ana. Jour. 8oi., 3d ser., toI. XXVllI, 1884, p. 262. 

t *' QulcksllTer Deposits," pp. 98, 99. 
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comparatively rare may be seen by referring to J. D. Dana's " Manual ot 
mineralogy." 

The dike nature of this serpentine area is best shown on the western side 
of the mountain east of the eastern fork of Pine creek, where it is cut across 
by the Arroyo del Cerro and its branches. It is here from a few feet to 
about 150 feet in width, enclosed in dark, calcareous shales containing, at 
several points near the serpentine, Aucella mosquermSf Von Buch, a fossil 
characteristic of the Knoxville beds (lower Cretaceous) ; and near the 
northern end of this narrow dike both Aucella and Belemnitea occur in lime- 
stone. 

The strike and dip of the dike is in general about that of the enclosing 
shales, the strike being nearly north-and-south, and the dip about vertical. 
The serpentine of this narrow dike has an imperfect fissile structure, and at 
one point only did I find the dark bastitic variety. 

The eruptive serpentine of Mount Diablo does not differ materially in 
chemical composition from the metamorphic serpentine described by Becker.* 
A specimen from one of the small serpentine areas on the southern slope of 
the mountain contains abundant remains of pyroxenes and olivines. The 
area is thought to have an origin similar to that of the large serpentine dike 
on the northern slope above described.f 

As to the diabase and serpentine occurring in little patches throughout 
the metamorphic areas of the Coast ranges of California, and mixed in the 
most confusing manner with unquestionably clastic rocks of early Cretaceous 
age, it might be held by one seeking to prove their igneous origin that a 
molten magma injected into a mass of rocks so thoroughly and irregularly 
fractured as are the rocks of the metamorphic areas would on consolidation 
form irregular areas rather than definite areas and dikes, there being few 
regular fissures into which a molten magma could be injected. This is shown 
likewise in the irregular and generally non-continuous character of the quartz 
veins of the Coast ranges, giving positive testimony as to the character of 
the fissures which they have filled. Professor Whitney says : J 

" The rocks of the Coast mountains are especially distinguished by the fact that the 
movements to which they have been subjected, and which have originated the com- 
plex of alternating elevations and depressions making up the system of chains known 
as the Coast ranges, have been apparently sudden and sharp, so that the result may 
be called a crushing and breaking rather than an uplifting and folding. » ♦ ♦ 
Often, and especially in the central and northern portions of the state, the rocks Cor 
long distances are so broken up that a recognition of their real structural relations is 
entirely impossible." 

In marked contrast to these are the fissures of the Sierra Nevada, contin- 



•Quicksilver DepoMtn. 188«, p. 110-111. 
tMr.G. r 



. P. Merrill has called my attention to a serpentine collected by himself at San Franci»oo 
(the area that extends out to Fort Point), in a slide of which pyroxenes and olirines are plainly to b« 
noted. 
J Auriferous Gravels of the Sierra Nevada, 1880, p. 16. 
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Cinnabar occurs here, at the contact of the andesite with the adjacent 
unaltered shale. It is associated with chalcopyrite and calcite, some of the 
cinnabar being so intermingled with the calcite as to indicate contemporaneous 
deposition. There is no quartz at this place. Solfataric action is still going 
on in the old tunnel run in for cinnabar. 

At a point about one mile south of the main peak there. is a vein of quartz, 
much stained by ferric oxide. In samples of this, Dr. Melville found cin- 
nabar in considerable quantity. 

Coal. — Extensive beds of coal occur in strata of Tejon age, about five 
miles northeast of the main peak. These deposits have been successfully 
mined for many years. The coal is rather friable, and inferior to that of 
Bellingham bay and other more northern localities. On the dumps of some 
of the old mines (Black Diamond and others) there are abundant pieces of 
carbonized wood, usually containing pyrite. 

There are also some coal seams, that will sooner or later be worked, about 
two and a half miles southwest of the main peak, by Pine creek, in strata of 
the Tejon, which is the usual coal-bearing formation of central California- 
Coal of a poor quality is obtained, however, from nearlv horizontal beds of 
Pliocene age, at lone, Amador county, California, and at some other points. 

Numerous coal seams occur in the neighborhood of Corral hollow pass, 
southeast of Livermore. The strata are considerably faulted, and in conse- 
quence the miners find difficulty in following the coal seams. The seams dip 
at a high angle, and the coal is sometimes decomposed to a depth of fifty or 
more feet by the action of surface waters, the resulting material being a rust- 
colored spongy mass, which no one not familiar with coal prospecting would 
suppose to indicate the presence of coal seams. 

According to Mr. J. Richards, who kindly showed me about the mines, the 
coal above water-level contains much gypsum, but below the water line the 
sulphate of lime is in solution in the water and the coal is in consequence of 
better quality. I myself noted some gypsum in the coal. At the time of 
my visit (1886) there were no producing mines, but the coal seams were well 
exposed at the Livermore, Richards and Coleman mines. At the latter 
mine there was exposed a vein about five feet thick, dipping 80** north- 
westward. Stratigraphically above the coal seam, in a shaly stratum, were 
numerous oyster shells. 

In the Richards coal mine the coal seam, where observed, dips 35^ north- 
westward, and the coal was decomposed down eighty feet, following the vein. 

On the surface near the Richards mine, in sandstone, I collected Tejon 
fossils (Turritella nvasanay and others). 

At the present time (1890) some of these coal deposits are worked. 

Mineral Spruigs.^Beaides the springs referred to in connection with the 
quicksilver mine, mineral waters issue at several points. A warm spring 
which I have not seen is said to exist in Mitchell cai^on. 
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The KnaxviUe Beds. — ^These beds are, as usual, associated with the meta- 
morphic rocks, and the previously described pre-Tertiary igneous rocks are 
intruded in them. This statement may be taken with some reservation in 
regard to the diabase area, which is practically a massif; but the peridotite 
(serpentine) penetrates the Knoxville shales, forming a narrow dike a mile 
long. 

The rocks of this age consist almost universally of dark shales with occa- 
sional arenaceous and calcareous layers. Each calcareous layer is rather a 
series of lenticular bodies than a continuous limestone stratum. This applies 
to the Sierra Nevada as well^ only there the limestone masses are hundreds 
of feet in diameter. At Mount Diablo these lenticular masses do not exceed 
twenty feet in width, measuring across the strike. It is mostly in the cal- 
careous strata that fossils are to be found. Besides the molluscan remains, 
they contain elasmobranch teeth and spines and numerous minute tests of 
foramiuifera. These tests have in some cases undergone silicification. The 
most characteristic fossil of the Knoxville beds is Aucella, The slender 
variety, Avcella mosquensis, Von Buch, occurs, as before stated, in Bagley 
cafion, about two miles north of the main peak ; also on the eastern side of 
the creek that heads east of Eagle point and eight-tenths of a mile northeast 
of that peak ; also at several points in the neighborhood of the peridotite 
dike that lies two miles west of Eagle point ; and about one-third of a mile 
and again one mile southwestward from the summit of Black point. 

Belemnites occurs near the northern end of this peridotite dike in lime- 
stone, and also in a coarse sandstone just east of the limestone. In this 
sandstone there are calcareous pebble-like nodules, the Belemnites occurring 
in the sandstone itself. 

I observed near the mining camp of Knoxville, in Napa county, California, 
some croppings similar to these, in which Belemnites b to be found in the 
sandy matrix, the included limestone pebbles containing Aucella mosquerms^ 
Von Buch. 

About one-third of a mile north of the Belemnites limestone I found in a 
single calcareous nodule Aucellay Inoceramus, and two small gasteropods. 
This is, I think, the first time that Inoeeramns has been noted in the Knox- 
ville beds in California. 

In a limestone nodule in strata of the Knoxville group, about one and 
seven-tenths miles southwestward from Eagle point, just north of the serpen- 
tine dike, I collected a fragment of wood of which a thin section was made 
and referred to Mr. F. H. Knowlton, who states that it belongs to the genus 
Cupressinoxylon. This genus, I understand him to say, is regarded as the 
ancestor of the sequoias. Near the fossil wood I found a specimen of Aucella 
mosquettsis. 

The dip and strike of the Knoxville strata are usually quite variable, but 
the dip is universally great, and the strata are frequently vertical. 
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c, Siudy gabbro. bearing carboomtes mud solphatee; it is friable, light 
green, resiDoaB, and po mcaocB a tendeney to fibrous structure. Macroscopi- 
eallj, it looks like a trae serpentine. 

d. Crystalline gabbro, apparently eraptiye, taken at the exact contact 
with the preceding spedmen ; it is bard, Terj compact ; small pearly cleavage 
planes, with striations, are well marked ; the color is dark green. 

These specimens were taken within the space of a foot, and in the order 
tabulated. 

Serie9 J—An^ymM of SAmUs and GahbroMfrom B^gUy CWIoit. 

•(9) (173) ^174) (175) 

m h e d 

H^O»tl06°C 3.01 2.41 2.29 1.20 

H,0 above 106<» 5.92 2.74 2.47 1.83 

CO, 2.35 1.89 

SO, 0.93 0.24 0.43 . 

SiOj — . 56.66 45.43 45.69 47.49 

P,Oj-.- 0.15 0.04 a06 trace 

A1,0, 17.64 12.55 13.30 15.81 

Fe,0, - - 0.49 1.85 1.07 

FeO 5.22 6.50 4.72 4.50 

NiO — . 0.06 

MnO... 0.19 0.21 0.24 0.41 

CaO 1.67 12.39 13.50 15.53 

MgO. : — -i.SO 13.41 13.06 10.39 

Na,0... 2.17 1.71 1.36 1.16 

Kjp 2.27 0.11 trace trace 

Organic matter little little _— 

99.82 100.09 100.86 99.46 

If these examples are to be regarded as illustrating the passage of one 
extreme of the series into the other, as there is some evidence, then the cause 
of this metamorphosis is to be found in the action of solfataric waters. The 
presence of sulphates and carbonates in specimens a, h and c becomes an im- 
portant point, as tending to the confirmation of this assumption. The waters 
at present contain sulphates, carbonates and chlorides of the alkalies and of 
calcium and magnesium, together with a little silica, iron, carbonic acid and 
sulphuretted hydrogen. A less hydrated substance, the gabbro, is formed, and 
by the action of the heated waters calcium and magnesium oxides are added 
at the same time that a quantity of silica, alumina and alkalies are leached 
out. The sudden jump between specimens a and 6 in the contents of lime 
and magnesia must be explained on the supposition of a very rapid and 

* Numbers ia parentheses indicate the office labels of the working coUeetion. 
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a. Shale, altered considerably, light-brown and friable. Carbonates in 
small quantity form a part of the mass of the rock. This shale is Neo' 
comian. 

b. Serpentine, very much weathered, interwoven with seams of quartz and 
calcite ; darker colored than a; fibrous tendency slight. 

e. Limestone, weathered, very friable, light slate-colored. 

d. Calcareous shale, next to the same serpentine dike mentioned in con- 
nection with series III. It is hard, compact, dark-colored; it contains 
seams of calcite, but the analysis was made on material from which this 
secondary carbonate had been almost completely removied. In the quartz 
seams a zeolite (natrolite) occurs, and sparingly distributed small particles of 
pyrite are to be found. The shale is very much altered, particularly at the 
contact 

e, A yellowish-green talc-like rock, forming a part of the serpentine dike 
at this point and containing considerable chromite. It has a resinous luster, 
and a tendency to fibrous structure. Limestone intervenes between this 
rock and the calcareous shale d. 

Specimens e, d, and e properly belong to a separate series, of which e and 
e are extremes. They are grouped here for convenience. 

Series IV — Atialyaes of Specimens from near Arroyo del Cerro, 

(283) (235) (236) (238) (289) 

a h c d e 

H,0 at 100° C. I ( 8.82 0.76 1.41 0.44 

H,0 above 100* C j ( 12.51 2.88 6.24 12.40 

SiO, - 46.64 41.62 21.19 44.56 82.27 

CO, 4.69 . 26.84 17.62 

PjOj 0.27 2.66 0.16 trace 

Cr,0, 0.12 - 6.19 

A1,0, 16.42 1.67 0.89 8.12 11.46 

Fe,0,- 8.40 8.60 1.62 1.27 trace 

FeO- _ 8.78 1.07 undet. 6.21 6.06 

NiO 0.19 

MnO-.. 0.33 0.29 8.61 trace trace 

MgO 4.62 86.84 1.89 8.39 88.30 

CaO 8.11 0.44 86.61 12.70 0.41 

Nm,0 8.13 UDdet. 8.09 trace 

K,0 1.86 undet 0.88 trace 

99.96 101.06 96.19 99.65 100.70 

Series IV shows a contact of shale a with serpentine 6, the analyses of 
which are given in the above table. A transition is also given of limestone c, 
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Seines VI — Analyses of Tertiary and Cretaceous Sandstones, 

(U) (187) (69) (33) 
abed 

H,0 at 100*0 1.06 1.46 1.43 0.57 

H,0 above 100° C- 2.60 8.84 2.25 3.45 

CO, none 5.10 7.76 ♦ll.SO 

8iO, 73.71 56.84 44.54 36.98 

PjOj _ « none 0.10 0.29 0.16 

A1,0,. 10.40 11.37 12.63 7.22 

Fe,0, 3.89 1.46 2.60 1.59 

FeO 1.88 4.96 3.08 2.95 

MnO 0.17 0.22 0.44 0.57 

CaO _ 0.96 7.62 14.65 29.34 

MgO ._ 1.62 8.10 6.55 2.34 

Nt,0 8.48 8.26 8.35 2.94 

K,0 _. 0.99 0.86 1.87 0.64 

100.77 99.67 99.84 100.00 

Series VIL — From the diabase area in Mitchell cafion, north of the 
serpentine dike, two specimens were selected. Specimen a was fresh, but 
specimen b was somewhat altered and partly, uralitic. The analyses show 
but slight differences in composition. In this diabase serpentine is absent, 
and it is not found to yield this hydrous magnesian silicate. It would be 
necessary to substitute a magnesian silicate for the plagioclase, which has 
been shown before in the case of shales a difficult and an imperfect opera- 
tion. Field observations show no relations between the diabase and the 
serpentina of Mount Diablo as they have shown between the pyroxenite and 

serpentine. 

Series VII — Analyses of Diabase from Mitchell Cafion. 

(48) (44) 

a b 

Loss at 1050 C 0.59 0.84 

Loss above 105*» C 2.90 2.67 ' 

SiO, 52.06 51.58 

PjOj - 0.13 0.24 

TiO, 0.47 1.05 

A1,0, -. 14.34 14.99 

Fe^O, _.. 2.11 2.04 

FeO 7.74 8.36 

MnO trace trace 

CaO... 8.05 8.59 

MgO 9.26 6.51 

Nr,0 1.74 3.08 

K,0 - 0.73 0.31 

100.12 99.76 

*COs bv difference. Orgftnlo matter ia very small quantity exists in all foar sandstones, bat U 
was not determined. 
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THE VOLCANOES OF THE TRIASSIC PERIOD. 417 

The original extent of the complete formation beyond its present bound- 
aries is not known. It may have been many miles broader than it now is, 
but there is no good evidence now in hand on this question. 

FamuUian of the Trap Sheets, — During the period of deposition there were 
outflows of lava at several dates. The sheets formed by outbursts at three of 
these dates are now well correlated ; the first of them is relatively thin and 
vesicular or amygdaloidal ; the second is much thicker and more massive, 
and at some places it appears as a double flow, one sheet of lava lying on 
another without a noticeable accumulation of sediments between them ; the 
third is again thin like the first. The outcropping edge of the massive 
middle sheet now forms a series of strong ridges ; hence it was called the 
" main " trap sheet by Percival, while the lower and upper were called the 



Fioufts I'-A Portion of the completed Triauie Formation lying on the denuded Cryttallinet. 

TIm lower lara bed, upreadiog out from the dikeA near the bottom of the Trimssic ^trmta, is the 
IntmMWe sheet. The three upper sheets, spreading out from the roloaoio cones, are the overflows, 
called respeotirely the anterior, main and posterior. 

" anterior " and " posterior " sheets respectively, although he did not recog- 
nize that these names, which he used to indicate relative topographic posi- 
tions, would indicate relative time of outflow as well. 

In addition to these great overflows, there is at least one great intrusive 
sheet* and, apparently, several smaller ones. The large one occurs close to 
the base of the formation, and hence is now seen near its western margin, 
because the present structure is, as a whole, an eastward-dipping monocline. 
The date of this intrusion is not definitely fixed, although it appears that 

•Professor Newberry has misquoted me (Monograph XIV, U. 8. Oeol. Surrer, 1888, p. 7) as raying 
that all the trap sheets were orerflows. The intrusive nature of the West rock and palisade sheets 
was recognised in my first essay, and I hare never found reason to regard it as of other origin. 



Digitized by VjOOQIC 



420 W. M. DAVIS AND S. W. LOPER — FOSSILIFEROUS TRIASSIC SHALE. 

Standing on one of its summits, such as Channcej peak or Higbj mountain, 
three miles northeast of Meriden, one may see the crest-lines of the main 
ridge in the various blocks toward the northwest and southeast, all reaching 
about the same height, and this common height closely like that of the re- 
markably even sky-line of the crystalline plateau by which the Triassic low- 
land valley is enclosed on the east and west. The gradual descent of the 
highland to the south is also apparent from this point of view. Another 
notable feature seen at the same time is Mount Carmel, apparently in the 
same block with Higby, but some ten miles toward the southwest, rising 
somewhat above the sky-line of the crystalline highland, and, therefore, 
to be regarded as having been a low hill on the old peneplain in Creta- 
ceous time. 



FiauftK 2— A Portion of the Triasaic Formation^ after tilting into the monoclinal Attitude and deep 

Erosion. 

The Tolcanic cones inferred tohnTebeen formed where the Utm rose to the surfmce and snpplied 
the overflows are now all destroy ed, and Mount Carmel Is supposed stand beneath their ancient 
sit**, where the feeding dikes now outcrop. No faults are shown in this figure, Decanse the section 
line is supposed to run between the encioeing fiaults of a single blocic; and no cross-faults are yet 
known. 

It has been stated above that as Mount Carmel is composed of numerous 
dikes, many of large size, it may be regarded as the locus of the volcanic 
pipes up through which rose the lavas now seen in the extrusive and intru- 
sive sheets. No direct evidence of this correlation can be obtained at present ; 
for the intrusive sheet near the base of the formation would intersect the 
Mount Carmel dikes below the actual surface of the country, and the ex- 
trusive sheets would rise far above Mount Carmel, if prolonged in its direc- 
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poiuts. The extreme points now identified in this bed are about fifteen miles 
apart, and ten well proved faults occur between them. 

Another bed of dark shales with impressions of fish and plants has been 
known. for many years in a small brook north of the village of Westfield, 
Connecticut, and about half a mile southwest from the station of that name 
on the Berlin-Middletown branch of the New York, New Haven and Hart- 
ford railroad. This lies about one hundred and fifly feet below the posterior 
trap sheet, or about a quarter way from the posterior to the main sheet. It 
will be referred to as the posterior black shale. Outcrops of what seems to 
be the same bed have been opened at four different places, the distance be- 
tween, the extreme points being about fifty miles, including twelve or more 
faults. Its position is everywhere two or three hundred feet above the main 
trap sheet. 

A more precise statement of the location of the fossiliferous strata and a 
provisional list of the fossils found in them is presented by Mr. Loper. 

On examining the tables of species as made out by Mr. Loper, there ap- 
pears to be good reason for concluding that different outcrops of the two 
beds of shale might be distinguished as belonging to two horizons on paleon- 
tological grounds alone ; but it should be borne in mind that there is still 
much possibility of finding various species, now known only from one of 
the beds, in the other. The large number of species from the old Durham 
locality means in part good conditions for their preservation, but it means 
also that this locality has been more carefully worked and for a longer time 
than any other. It may also be suggested that while the stratigraphic cor- 
respondence of the several outcrops of the anterior and posterior shales was 
very satisfactory, so far as determination by rough pacing measures would 
determine, it is quite possible that they do not represent precisely equivalent 
horizons, although they are certainly as nearly equivalent as the so-called 
geological horizons commonly are. It is not unlikely that there may be 
several fossiliferous layers at slightly different horizons of the anterior and 
posterior shales, and that our openings touch one of them at one point and 
a second at another. Indeed, it may be that there are various fossiliferous 
black shales scattered through the formation, yet not visible owing to their 
weakness and the heavy drift cover that so effectively blankets over the 
surface; but the main question of the repetition of certain fossiliferous beds 
at definite positions in the various faulted blocks seems to be settled. The 
occurrence of the two shales at predicted localities and the correspondence 
in the fossils of each horizon at various localities so fully conform to the 
requirements of the theory of the faulted monocline that this structure may 
now be regarded as Established for Connecticut on paleontological as well as 
on structural evidence. 

Harvard College, Cambridge, Mass., December, 1890. 
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The mcwt marked featares of thk compaiiaoo are the absence of I$ekyp- 
ienu gigfMM from the anterior shales, where so maoj o4her species of fish are 
^nd, and the limitatioo of sereral species of plants to the anterior shale?, 
althoogfa the flora of the posterior shales embraces a n amber of species com- 
mon to both. 

Results. 

The work has, therefore, been not onlj clearlj confirmatorj of the theorr 
of a faulted monocline, bat it has aUo secured manj fine specimens fi>r the 
National Museum, and it has shown that srstematic exploration mar yet 
rereal much of interest where it was supposed that bat little remained to be 
difloorered. 

WA?*Hi3fGT03r, D. C, Detember, 1890. 



DISCUSSION. 

Professor C. H. Hitchcock : Being greati j interested in the fiicts of this 
paper, I desire to ask Professor Davis where, judging from his conclusions as 
to Connecticut, we should expect to find the fish beds in connection with the 
Uolyoke-Tom range in Massachusetts ? 

Professor W. M. Datis : The location of the belts of shale in Massachu- 
setts will depend on the correlation of the trap ridges of Connecticut and 
Massachusetts. Without being able at present to settle the question, I am 
inclined to believe that the anterior sheet in Connecticut thickens north- 
ward and becomes the main sheet north of the state line, while the main 
sheet of Connecticut thins and becomes a subordinate posterior further north- 
ward. If this is correct we should look for the anterior shales of Connecti- 
cut on the back of the Mount Tom-Holyoke range ; and the Bear's Hole 
locality, a mile or two north of the Westfield river, appears to confirm this 
suggestion. The posterior shales of Connecticut should lie further east, but 
they are not yet identified. 

Professor B. K. Emerson : Further northward, in Massachusetts, a band 
of black shale occupies the same horizon above the Holyoke traps, but has 
furnished ouly plant remains. In northern Massachusetts the Sunderland 
and Turners Falls fish beds also occur just above the Deerfield trap sheet. 
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438 X. H. DARTOX — LATER FORMATIONS OP VIRGIXIA AND MARYLAKB. 

The eroeioQ epoch between the Potomac formation and the Cretaceous 
greensand » one of considerable moment, bat the gap between the Potomac 
and Newark represents one of the great periods of aplift apd erosion which 
is second only to the gap between the Paleozoics and the Newark formation. 

srvmur roRMATtox. 

Didrihutum €md Charader%sties,'-In 1888, Clark identified the Cretaceous 
formation on the " western shore " of Maryland by the discovery of typical 
mollnscan casts at Round bay on the Severn river, on Magothy river, at 
Millersville and CoIIington, and at Fort Washington, and so set at rest any 
question in regard to the southward extension of the formation, at leaat 
through Maryland. The writer has found that the formation is a continuoos 
sheet, clearly defined in its stratigraphic reUtions, and finally disappearing 
near the latitude of Marshall Hall, on the Potomac river, south of Wash- 
ington. 

The formation consists throughout almost entirely of fine black sand, more 
or less flecked with scales of mica, very sparingly but irregularly glauco- 
nitic, and usually containing considerable carbonaceous materials. The 
finest exposures are in the high clifis at Round bay, on the Severn river, a 
locality to which Clark and Uhler have paid considerable attention. There 
it is exposed lying on an irregular surface of a local coarse gray sand bed 
in the Potomac formation ; and back from the river, on some of the higher 
lands, it is in turn capped by weathered beds of the Pamunkey formation, 
beneath which it also disappears down the river toward Annapolis. South- 
ward there are frequent exposures in road, railroad and stream cuts, in a 
narrow belt which extends continuously nearly to Washington ; thence its 
edge is cut out for a few miles by an overlap of the Chesapeake formation, 
but it comes out again opposite Alexandria and is exposed in considerable 
force in the gullies along the face of the terrace fronting the Potomac and 
in some of the side drainage ways. At Fort Washington it is exposed in 
the "bluflT," lying on gray lignitic clays of the Potomac formation, and 
capped by a few feet of weathered Pamunkey deposits. 

At every exposure organic remains are found, commonly in the forms of 
casts or impressions. At several localities east and southeast of Washington 
and a short distance from the city 1 have found fossil shells occurring abun- 
dantly in the formation, notably Exogyra eostata and a large Oyprimeria^ 
like densata. 

Northward from Round bay the formation is exposed in the lower Magothy 
river for the last time on the " western shore." On the eastern side of Chesa- 
peake bay the black carbonaceous sands are again exposed, lying on the 
Potomac sands and clays at Howell's point, and thence occupying the high 
banks of the lower Sassafras river, finally sinking beneath the Pamunkey 
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lis 3Cftryhuui eo«ser materia Iw gradiukllj mcroHe in auuwnt , wod in. the 
Wa»biiigtdQ'Balciinore regkm toad northward graivel beds pgedpminafp On 
Good Hope hiiK eaut of Waahingtim, cHe hiidi cemce is empped fiir oome dis- 
CuKe hy^ beik coaawang mainly of large pebbles and aand^ with a buff luani 
BMtria^ Farther eaatwacd the proportion of loam increaaea aod the pebbiea 
deereaae in mae and anmb^. In the high tenaeea exfieflifing wayward firooa 
Alexandria, in the oatlien wett of Waahington and fialDBwre, in the h%h 
tarraeea aootheaat of Baltimore, aad geoaallj along the eryttaOine bonier 
in Xaryiand aad Delaware, the Ibrmatsoo e onaJHta aiainlT of Lraaata incd 
pd>biea in a matrix of more or leaa aaadj orange or haS loam. Tkin Isfcra 
aad leaaea of ferraginoaa cooglooKiafies are of fineqnoU oecarrcBce in tiie 
aorthera jfarjland belt, in the capping on £Ik acek, and in the Ponarrl- 
▼aaia aad ^ew Jeney oatlien. In aome eaaes the fonBation eootaias 9oin«- 
what ojnntr materiak adjaeesi to the larger drainage depreaaoos^ espedall j^ 
OB the Potomae riTer, where the pebble beds are partiealari j noCeworthj. 

The tbiefcaeaa of the fbraiation m Tariable, b«t it areragea b e ta c en 20 
aad ^feeL la Marjiaad it iagcBerallj nnder 25 ieet, bat in Virginia it is 
■waall J aooiewbat thicker than thia. 

Stradi^prapkie Rdatkmg. — ^Tbe Appomattox formation lies o« a terraced aar- 
fiiee eompriaing in Tariooa regiooa all the preceding foraaaliong of the ooaatml 
plain aeriei. Id Virginia and the aonthem part of the *" weatem diore " of 
Maryland ft liea on the Cbeaapeake fbrmatioB orer an area of several thoQ- 
aand aqoare miles. It oreriape apon the Pamnnkej formation ia the Fred- 
criefcafoarg r^ioo, northeast of Washington, and in the Jamea^ PaHmnkeT, 
Mattaponi^ Rappahannock aad Potomac depreaaona. In aeroral isolated 
knofaa on Elk neck it lies direct] j on the Cretaceoos greenaand ames. It 
liea on the Potomac formation in the Hanover Jonction region, aboat Fred- 
ericfcabarg, in the wide terracea west and soath of Alexandrm and Wash- 
togton, in the Baltimore region, and thence northward in Maryland and 
probably in Delaware. In the Richmond coal field and about Hanover 
Jonction it lies on the Newark formation, and all along the western edge of 
the coastal plain region it overlaps for a greater or leas distance upon the 
crystalline rocks in Virginia, Maryland and Delaware. 

Generally the base of the formation is sharply demarked, but frequoitly 
it is composed of local materials which merge more or leas gradually into 
the surface of the underlying formation. This is particularly the case in 
some contacts with the lower Chesapeake, Pamunkey and Potomac forma- 
tions, which have furnished much of the Appomattox materials. 

The surface on which the Appomattox formation was deposited is a series 
of gently rolling plains, separated by gentle slopes and low local terrace 
scarps. These terraces and slopes descend successively eastward wiUi vary- 
ing intervals and amounts, and the plains have also a Y^ry g^itle eastward 
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THE DISPLACEMENT BOUNDING THE COASTAL PLAIN. 449 

the relations of the actual fault line are mostly exhibited. The displace- 
ment, as a whole, appears to be continuous throughout, but its amount varies, 
and in some areas the effects of dislocation become indistinct through dimi- 
nution in amount, distribution through a zone, or merging into a flexure. 

South of Baltimore, near Relay, the relations of the dislocation are par- 
ticularly well exhibited, and the amount of displacement is fully 250 feet. 
The relations in this region are shown in section 2, figure 1, page 435. At 
the exposures in this vicinity, clay caps the bare steep slope of the crystal- 
line fault scarp, and at the base, on the downthrown block, a greater or less 
thickness of clay abuts against it. This relationship is general for some 
miles south from Baltimore, and west of the city it is exhibited in diminished 
amount near Loudon Park cemetery, beyond which evidence of the disloca- 
tion is lost for some distance. 

Northeastward from Baltimore the effects of the dislocation soon become 
prominent, and its line is marked by a steep scarp in the crystallines, which 
extends with varying heights and degrees of distinctness through northern 
Maryland into Delaware and beyond. Usually the Potomac and Appo- 
mattox materials are either eroded back from the summit of the scarp for 
some distance or entirely removed, and in the larger depressions the drain- 
age has cut through a greater or less thickness of Potomac materials on the 
downthrown side, exposing the crystalline floor for a mile or two eastward. 

At Washington a dislocation traverses the thin outlying feather edges of 
the Potomac formation and its Appomattox cap just west of Georgetown, 
and crosses the Potomac river just below the fall line. Thence through 
northern Virginia the dislocation gives rise to a prominent scarp on each 
divide, which is more or less continuous and distinct for many miles. At 
first it dislocates the Appomattox, tqgether with, at some points, a feather 
edge of the Potomac ; but in the region between Occoquan and Fredericks- 
burg its amount increases greatly and it traverses a considerable thickness 
of the Potomac, at one point the western edge of the Pamunkey, and in most 
cases the Appomattox, with a throw of from 150 to 300 feet, as shown in 
sections 3 and 4, figure 1 (page 435). 

This dislocation crosses the Rappahannock a mile above Fredericksburg, 
and its relations are there well exposed. -It has not been definitely traced 
southward, but there is evidence of displacement near Richmond and Peters- 
burg, which may be along a continuation of this same dislocation. 

Date, — ^The date of the displacement is in the main post-Appomattox, but 
there is some evidence that a series of local movements occurred before the 
epoch of Appomattox deposition. The greater part of the displacement was 
effected between Appomattox and Columbia times, apparently just before 
Columbia deposition. In the gorge of the Potomac river a narrow Columbia 
terrace extends for some miles above the line of dislocation, and the relative 
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472 J. W. SPENCER — PLEISTOCENE SUBMERGENCE. 

years ago that the least troublesome hypothesis of the origin of the Great 
Lake basins was by their excavation by glaciers; but the writer, going into 
a field of investigation almost sealed by prejudgment, has shown that gla- 
ciers did not scoop out the basins, and has otherwise found satisfactory ex- 
planation of their origin* without invoking the necessity of ice being con- 
verted into rock-diggers. So, also, the evidence of glacial dams has not been 
found, so far as my investigations have extended. 

Let us examine how the glacial -dam theory applies to the shore-lines 
already described. 

The physical features of the Ontario basin are the most favorable for the 
constructions of a great lake retained by glacial dams. As proved by its 
deformation, the Iroquois beach was formed at sea-level. If this proof of 
the altitude of its birtli-place did not exisf, the evidence of its elevation 
would be obtained from a consideration of the ability of glaciers to close the 
St. Lawrence valley to the northeast. Such a barrier would have been from 
60 to 100 miles wide and from 800 to 1,300 feet deep (below surface of 
water), according to location. Yet the drainage of the then expanded lake, 
over 300 miles long (so far as surveyed) and 100 miles or more in width, 
was against, into, or under the supposed glaciers, except to a limited extent 
in its earliest stages, when a partial overflow was by the Mohawk valley. 
Had the lake been above sea-level, a river as large as the St. Lawrence 
would soon have eaten its way through the ice and lowered the lake, for in 
that direction alone it had to flow ; consequently, it appears that the great 
cut terraces and beaches, requiring centuries or millenniums of time, could 
not have been formed except at sea-level. 

If the Algonquin beach of the upper lakes were formed in a glacial lake, 
then the ice barrier in the region of Lake Nipissing would have reached 600 
or 700 feet beneath the surface of the water. The drainage must have been 
under the ice, and have amounted to a discharge equal to that of the modem 
Detroit river, as the discharge of Lake Superior, Lake Michigan and Lake 
Huron basins would have been thus borne seaward, descending 300 feet to 
the level of the Iroquois water. Under such conditions, the question may 
be asked. How could the lake surface be retained long enough at any level 
to carve out the deeply graven water lines and terrace plains of the Algon- 
quin beach, in place of the discharging waters melting away the icy barriers, 
which were supposed to have been the means of retaining the lake 300 feet 
above the level of the Iroquois waters ? 

We now rise to the shores which bounded the Warren water. These I 
have explored from Lake Michigan to New York, and to northeast of To- 
ronto, upon the Ontario peninsula. Upon the glacial-dam theory, this sheet 

••'Origin of ihe Basins of the Great Lakes of America,*' by J. W. Spencer: Quart Jouro. Geol. 
8oc., Tol. XL VI. 1890, p. 523. 
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had scarcely begun, and, conseqaentlj, even the modem highlands north of 
the Gk'eat Lakes were then very mach lower than now, when eompaxed with 
the region to the sooth. I cannot hesitate forming a conclnsion that the 
evidence is in favor of a late continental subsidence rather than in fieivor of 
glacial lakes hundreds of miles long and broad, like nothing ever seen, and 
which could not answer the requirements. 

The difficulty in accepting the subsidence without the occurrence of marine 
shells has in part been pointed out. But their absence in the lower beaches 
may be accounted for, in part, by the sheets of water being more or less cut* 
off from the sea and receiving great quantities of fresh, water. This, how- 
ever, will not explain their absence on the higher beaches. The varpng 
climatic conditions of the water and the changes of level destroying the life^ 
too rapid to allow of remigration, may in part account for the absence of 
organisms in the seashore lines. 

The record of subsidence deciphered in the high shore-lines of the lake 
region is supported by the observations of Dr. G. M. Dawson, Mr. R. G. 
McConnell and others, on the monuments rising above the great plains of 
northwestern Canada, and on the mountains between there and the Pacific 
coast. Dr. Dawson * finds gravel terraces upon the high sides of the Rocky 
Mountains, facing the east, in position showing their origin not to have been 
river terraces. 

From extensive observations Dr. Dawson concludes that the Plebtocene 
submergences amounted to 4,000 or 5,000 feet in the region of the inter- 
national boundary (the 49th parallel), while in Alaska it did not exceed 
2,500 or 3,000 feet He also postulates two episodes of submergence, the 
latter being less extensive than the former. Further, he r^ards the eleva- 
tion and subsidence of the great plains and western mountains as alternating, 
and that the drill material of the plains was deposited at sea-level. 

Mr. R. G. McConnell informs us that on Cypress hills, with an altitude 
of 4,800 feet, the drift does not rise above 4.400 feet. One hundred and 
fifty miles northwestward, the drift is not found above 3,400 feet on Hand 
hills (Tyrrell) ; but south of Cypress hills, near the 49th parallel, the drift 
occurs up to 4,660 feet on Three Buttes (Dawson). From these observations 
Mr. McConnell shows a differential level of 7.2 feet per mile, the elevation 
being greater nearer the 49th parallel. 

In the east, the history of the changes has not been fully deciphered. 
Erratics occur on top of Mount Washington to 6,300 feet, while on Mount 
Katahdin, in Maine, they occur only to 4,400 feet (Upham). Conforming 
with Dr. Dawson's views, as applied to the west, we have a greater rise in 
the White mountains than eastward. The altitude of beach formation on 

*" Later rhy»-logr«phioiU Geology of the Rocky Mountain Region in Canada, with Special Refer- 
ence to Changes in Klevation, and the History of the Glacial Period:" Trans. Boy. Boo. Can., vol. 
VIll, sec IV, 1890, pp. 8-74, pis. I-III. 
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Lfpt^hoitis *nmgius: 

P linm-suX'TrRmbies. — In I -*****, Dr. Ells ihtiuiied die fbilowim^ species of 
ffira rirfwiU, 'iver!y'nc tiie Traiifia llmestoaes )f Piinte-aiix-Trwnbie*: 

Ti^nr^kr^u berki, 

TanAe chrpe forms are, as can be readilv weo* Crpical and dburactaristic 
anrl ^fpneraily abound in every collection of Utiea speeunenaw 

TA/s fjfjrraine : (jftnend <^,haracter an<i Distribotioa. — The Lomine inhales 
fr>rm the fourth of the series of ;r*?o logical temuies *icciining^ along cfae 
line of i^^^on from north to 3«iUth, and consist ibr the most part of Terr 
thin, HHHile and evenly t>ed«iefi caicareo-ar^llaceoos and arenaeeoua ^hale^ 
w**ath«rinj5 yf^Jlowii*h brown, measaring a thickne» of ^) or 9<)0 feet^ and 
overlying rhe black bituminoiw .^alea of the Utica terrane conformably. 
They are ^^xtennively rleveloped north of the city of Quebec, at Jfontmorency 
fiilU. at Ht, Nicholas, along the southern *hore, and also fiirther eastward 
ftir)n(^ t,he northern end of the Island of Orleans. These shales are not very 
ftwwiiiferous in mf>st of the exposures, but s^ifficient fossil evidence has be«i 
obuiiied U) fix the poftition of the ^^hales in the region where the thrust fiuilt 
whifth occurs has disturbefl the ^rata considerably. They are separated from 
the (Quebec city massif by the thrust fault already indicated (which is evi- 
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,,i*fu. , ,iii/t jjjr iti) liMpijt '"" .iirn>«ttnz o ~^^ a *oiBe imtBaoeSk From 
•»iA ..Yi»<*tir*^ ..firrli .t ■ r. /.it**:fk -£n?*rt uiu i)etween rae n5«la leading rrom 

Kftt .^ff**t, 'o 'III- iidrtrKt -lie : I'lu'-vm^j 'o^mLi nave 'teen "btained: 

' nnoitloi frru^nentB ; 
Linqtun, -p, aov. 11 (X 

no, -1] 

110. '); 
Ijiitnna, -p. no v. no. 1 ; ; 



U .111(1. 

iftitrronnfujt ; 

f hm*irnffi'>ipfuM •rnJ/tri'*, 
/»r, ; 
' *\K .mii. , 

" prrrrravfttuM , 

■*p, uiul. . 



ao. 2) ; 
<r«n. riov. t*t -^p. nov. ; 
Lt:pUEfm, ^p. nov. : 

aliietl to X. serieea ; 

ailie<i to Z. qnmquatioiiata ; 
^iirrrphomena ( ?\ ur geiu nov. etap. nov. ; 
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Genera and Species. 



BR FOZOil— Cootinaad. 



Prasopora lycoperdon, Vanuxem 

" lycoperdon^ Van., var. selvryni^ var. no v. 

Monoirypa ineeria^ sp. nov 

Diplotrypa quebecensis^ sp. nov 

Paehydteiya acuta. Hall 

FtUodictya faUiformis^ Nich. 

OirvaneUa^ sp. 

Solenopora eompaetaj Billings 

** eompaeta, B., var. minutOf var. nov. 

BRACmOPODA. 

lAngula eurta^ Hall 

obtusaf Hall. 



Philomela^ Billings. 
-^ilT.- 



rieini/ormiSf Hall 

" quebecensitj Billings 

" Irene, Billings 

•* sp. und « 

" sp. nov 

** sp. nov. no. I 

" " no. 2. 

*• " no. 8 

ObolelUif sp. 

" sp. nov 

Elkania desiderata, Billings 

Linnarssonia, sp. 

LeptoboUts insiynis, Hall 

»* sp. .— 

" sp. und. 

Paterula (?), sp. nov. 

SehizocraniaJtlosajKAW 

Siphonotreia mieulaf McCoy 

Crania, sp 

IHscina, sp. 

" pelopea, Billings 

" sp. nov. no. 1 

** sp. nov. no. 2 

Skenidium, sp. 

Sirophomena altemaia, Conrad 

** deUoidea, Conrad 

" sp. nov. 

»P ^ 

Leptcena sericea, Sowerby 

** sp. nov. 

*' sp. allied to L. quinqueeostata. 

Orthis emaeerata, Hall 

** testudinaria,l>9\mtJi 

•* sp _ 



Torranes. 



g 

3 



8 
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GXNXBA AKD SPZCIKS. 




BBA CfflOPODA—ConUnntd. 



Orthis peetinella 

" sp -. 

•• sp. nov 

" sp. nov 

" sp. > 

Zygospira heiidi, Billings 

Anazyga recMrpiro«<ra, Hall 

StriefUandinia (?), sp 

AncLstrophia heiniplicaiay Hall 



LAMELLIBRANCHIA TA. 



Pterinea trenUmensiSj Hall 

Ambonychia radiaia, Hall ^ 

'• belliatriata, Hall 

ModiolopsiSf sp. . 

»p — 

Vanuxemia^ sp 

Ctenodonta dubiaj Billines 

Lyrodesma pulchellum^ Emmons 

»p. - 

Orthodesma parallelunij Hall 




GL08SAPH0RA, 

Murchisania gracilis^ Hall 

** perangulata^ Hall 

Euomphalus^ or Ophileta^ sp. nov.. 
BelUrophon bilobatusy Sowerby .._ 

Bucania punctifrons^ Emmons - 

Conulctna trentonensis, Hall 

Theea^sp. nov. 



CEPHALOPODA. 

Orthoeeraa laqiteatum (?), Hall 

** sp. nov. 

Endoceras proteifrome^ Hall 

Lituites undatus^ Emmons 



OSTRACODA. 
Primitia mundula, Jones 

" loyani 



" " var 

** whiieavesii^ Jones 

Aparchites ntunduluSj Jones 

Polycopey sp. . 

Jsochilina amii, Jones 



Terranes. 



X 
X? 



X 



X 

X i::::: 



I 



-I — ^ - 

—I — » I— 

„l X I X ..., 
. X 
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I 



Terrunes. 



Gbnera and Species. 



TRILOBITA. 



3 

(y 



Shumardia grantUosay Billings ; 1 

Aeglina rediviva (?), Barr. 

Ampyx^'%^. 1 

Agnosttts^ %^, | ' 

Harpes, sp ' 1 x 

Trinucleus eoTieentiHcuSf Eaton ' ' , x 



•• sp. nov. ' X 1 

»P - -1 I j-— 

BatkyuruSf sp. i 1 ' 

Caly mene senaria^ Connd . | I x 

Asaphtts platyeephalus^ Stokes ' 1 x 

** canadensis^ Chapin 

" sp 

Wcenus milleri^ Billings 

*• gf. T, boueharaif Barr. 

Dionide^ cf. D. lapworthi^ R. Etberidge, Jr 

Dalmanites callieephaluSj Green 

Ceraurus pleurexanthemuSy Green 

Encrinurus vigiianSf Hall 



.1 



Digitized by VjOOQIC 



Explanation of Platb 2a 

Section 1 — A sketch Mciion acroM the strike from Lorette to L^tU ia a southeasterly 
direction (see also Bull. Geol. Soc. Am., vol. 1, p. 464, map accompany- 
ing Dr. Blls' paper). It includes the following terranes in their geo- 
graphical sequence, beginning toward the northwest: a. Laurentian or 
Archean ; 6. Trenton ; c, Utica ; d, Lorraine (Hudson RiTer of most 
geologists); e. Quebec (new terrane, separate from others) ; /. Levis; 
and ff. Sillery. The last three, €,/, and y, form part and parcel of the 
fossiliferous Quebec group, while 6, c, and d form the Trenton group, 
which are separated by a fault — the great Appalachian fault (the " Que- 
bec fault " of Ells, or the St. Lawrence and Champlain fault, or a branch 
of it, of other geologists). 

Section 2— Sketch section at Montmorency falls, across the measures east of the gorge 
and across the Island of Orleans. The notation is the same as in section 
1. The Utica shales are much disturbed here, both in their contact with 
the Trenton below and with the Lorraine shales above. Below the hori- 
zontal Trenton, capping the Laurentinn gneiss, there are found calcareous 
sandstones of Trenton age, which have been called Potsdam *' quartzites." 
A downthrow fault passes in front of the bluff over which the waters fall. 

Section 8 — Sketch section across the measures near Montcalm market, Quebec city, 
showing the high angle of dip and the shales with limestones inter- 
stratified. 

Section 4 — A general view of the strata flanking the Citadel hill at the landslide of 
1889. The structure there exhibited is that of an inclined denuded 
anticline. 

Section 6— Sketch section through the calcareo-bituminous rocks and compact shales^ 
with conglomeratic cherty bands associated, at C6te d'Abraham, where 
the monticuliporide have been obtained. 

Section 6— Sketch section showing the thin, fissile and soft earthy shales of the Lor- 
raine terrene— newer than the Utica — inclined at a considerable angle 
along the road at C6te Sauvageau, west of Martelle tower no. 4. 

Section 7 — Sketch section exhibiting the dying out of the outcrop of Lorraine or 
newer shales on the edge or brow of the hill near Martelle tower no. 4, 
between C6te Sauvageau (section 6) and C6te de la N^resse, where a 
series of impure semi-crystalline, bituminous and fossilifuous limestone 
occurs. Cdte de la N^resse is west of C6te d'Abreham. The contact 
between the two series is very much broken up, i. e., between d and e. 

Legend. 

a = Laurentian or Archean ; 

b = Trenton terrane \ 

c = Utica terrane > Trenton group. 

d = Lorreine terrane ) 

e = Quebec terrane \ 

/ = L^vis terrane I Quebec group. 

y = Sillery terrane ) 

(600) 
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Skktch Sections in the vicinity- of Qvkbf.c City, Canada. 
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DISCUSSION. 

Dr. Alfred R. C. Selwyn : * Sir William Logan alone assigned the rocks 
of the city of Quebec to the L^vis division of his Quebec group ; f Selwyn 
alone assigned the rocks of the city of Quebec to the Hudson-Utica horizon , 
or above the Trenton, and pronounced them, before any fossils had been 
found in them, to be the same as those on the northern shore of the Island of 
Orleans, which had been assigned by Logan to Hudson-Utica. Fossils since 
found in the city of Quebec have proved the correctness, so far, of Selwyn's 
view. Whether Logan and Selwyn are right in placing these rocks above 
the Trenton is thus the only question now at issue. 

Do the fossils determined by Mr. Ami conclusively prove his contention, 
that they are not above but below? In this connection, see "Geology of 
Canada," 1863, pages 199 to 204, for list of fossils and description. 

Mr. C. D. Walcott : Sir William Logan, in his original definition of the 
Quebec group, divided it into two parts in the vicinity of Quebec. The 
Point L6vis series consists of the graptolite-bearing shales of Point L^vis, 
with their enclosed conglomerates, in which upper Cambrian or Potsdam 
fossils were found, as he supposed, in association with fossils of the age of 
the Calciferous formation of New York. Although no fossils were found in 
the rocks of Quebec city proper they were correlated with the L6vis series. 
Mr. Ami has now found a fauna in the Quebec city rocks which is distinct 
from that of Point L^vis, and I think that there should be two names, one 
for the rocks of Calciferous age at Poiut L^vis, and another for the Quebec 
rocks. I think the name Quebec should be restricted to the Quebec city 
rocks, which carry a distinct fauna from the strata at Point L^vis, and that 
the name L^vis should be applied to the graptolitic shales and the lime- 
stones in which the Calciferous fauna occurs. If Mr. Ami*s determination 
of the fauna is correct, the horizon of the Quebec city rocks is that of the 
Trenton, probably the lower Trenton, and perhaps the upper portion of the 
Chazy of the New York section. As the rocks at Quebec are of a peculiar 
physical development and contain a peculiar fauna, I would suggest, if ac- 
ceptable to the Canadian geologists, that the fame Quebec be restricted to 
that series of rocks, and that the Point L^vis rocks be arranged under the 
name L^vis. 

For the series of strata that have beeu formerly included under Quebec 
as about the Calciferous-Chazy horizon, as originally defined by Logan, 
which includes the Point L^vis series, the Quebec city series, the Phillipsburg 

*In a note cotntnunicAted to the Society, 
t** Geology of CanadR," 1863, p. 201. 

LXXIII— Bull. G»oi.. See. An., Vol. 2, 1890. (601) 
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504 R. T. HILL — THE COMANCHE SERIES- 

attemptiDg a minute correlation of its numerous horizons with any beds of 
the eastern hemisphere, it has been conceded generally that at least the 
upper portions of this series are of lower Cretaceous age because of their 
clearly defined stratigraphic position unconformably beneath the Dakota sands, 
which all authorities have conceded to be of Cenomanian affinities ; a con- 
clusion strengthened by the striking paleontologic resemblance of the whole 
upper Cretaceous (or Meek and Haydeu Cretaceous) series to that of Europe. 
The lower beds of the Comanche series have affinities which entitle them to 
comparison with the upper Jurassic, while the' upper beds have Neocomian 
and Cenomanian resemblances. The Comanche series as a whole, however, 
presents great paleontologic evidence at variance with every European stand- 
ard, and it is premature to make paleontologic correlations with it. In this 
paper I shall endeavor to clearly define this series stratigraphically, and 
leave for others the discussion of the faunal resemblances and differences. 

The main area of the Comanche series extends from western Arkansas 
through southern Indian territory to the meridian of 97° SV, thence south- 
ward and south westward across Texas to New Mexico, a distance of more than 
1,000 miles, and then southward indefinitely into Mexico. Areas also exist 
in the California-Utah province and in eastern New Mexico, although they 
are as yet unstudied. The main typical area, however, is in central Texas, 
and is so extensive that deductions as to its subdivisions have required much 
time ; and although I have been constantly studying it for many years, not 
until now have I felt justified in dividing it into well-defined terranes. I 
now propose to show by stratigraphic and paleontologic proof that the 
Comanche series is divisible into several separate and distinct terranes, the 
lower two of which may possibly be of pre-Cretaceous age. 

Definition of the Terranes. 

CONSTITUTION OF THE COMANCHE SERIES. 

C. The Washita, or Indian Territory Division. 
11. The Denison Beds. 
10. The Fort Worth Limestone. 

9. The Duck Creek Chalk. 

8. The Kiamitia Clays or Schhenbachia Beds. 
B, The Fredericksburg or Comanche Peak Division. 

7. The Goodland Limestone. 

6. The Caprina Limestone. 

5. The Comanche Peak Chalk. 

4. The Oryphcea Rock and Walnut Clays. 

3. The Paluxy Sands. 
A, The Trinity Division. 

2. The Glen Rose or alternating beds. 

1. The Trinity or Basal Sands. 
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510 K. T. HILL — THE COMANCHE SERIES. 

The Paluxy Sands, — North of the Colorado-Brazos divide the alternating 
beds of the Trinity division are succeeded by a terrane of fine, white pack- 
sand, oxidizing red at the surface, about 100 feet in thickness, resembling 
very much the Trinity sands and hitherto confused with them. They out- 
crop along the eastern edge of the Brazos valley, in Parker and Hood, and 
also in Erath, Ck>manche, Coryell and Bosque counties. South of the Colo- 
rado-Brazos divide they disappear, the Comanche Peak beds resting directly 
upon the Glen Rose beds. These beds are especially conspicuous southwest 
of Granbury, forming the timbered upland of that region. 

The Paluxy sands, which are so called from the town and creek of that 
name in Somerville county, can first be separated from the Trinity sands in 
Wise county at a point between Decatur and Alvord. At Decatur the 
beds are well developed. In general character they are somewhat similar 
to the Trinity sauds. There are differences, however: the Paluxy sands 
have none of the fine pebbles which characterize the base of the Trinity ; 
and the Paluxy beds are rather calcareous and argillaceous in places, while 
those of the Trinity are more ferruginous. 

At Decatur the Paluxy sands contain some layers of honey-combed and 
very argillaceous limestone. The gradation from the Paluxy to the over- 
lying and underlying beds at Decatur is also rather gradual. At Comanche 
peak the sands form the plain upon which the butte stands, making a belt 
of forest region surrounding its base. Here the beds have a thickness of 
about a hundred feet, and are of character similar to that at Decatur. West 
and south of Comanche peak they occupy a considerable area, while they 
extend many miles down the Brazos, finally disappearing at the Bluff mills, 
near Kimball, where they make the shoals over which the river runs. 
Jonesborough, Coryell county, is situated directly on the outcrop of these 
sands, and the Lanham road northward from the town crosses it several 
times. A few miles north of Jonesborough the sands have a thickness of 
only about fifteen feet, showing their decreasing thickness southward. The 
transition from the sands to the underlying Glen Rose alternating beds is 
rather sharp, but that of the overlying beds is a little more gradual, for 
which reason these sands are placed in the Comanche division. 

The sand is stratified, and occasionally cross-bedded, and there are local 
hardenings. The color varies from gray to yellowish, and the amount of 
ferrugi nation which is here found is variable. The sand is aUo marked by 
the growth of forest timber, largely post-oak, though smaller growths, such 
as sumac, also occur. The sands probably extend for a considerable distance 
down the Leon valley, although it is difficult to determine their exact 
extent on account of confusion with the drift of the Leon river, composed 
of this debris. The sands appear only in scattered spots further toward 
the south. Thus, east of Burnet, on the Mahomet road, they appear as 
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'>26 R. T- HILL — THE < OifA.VCHE SERIES. - 

aahdivimoii*, hecvne I am not vet in pn^aeaeinn of anv very dear ideas upon 
chat snhject. It is only Intended to ^how ^rapbicallv the e&cC of the ae- 
snmed correlation to wbit'h I have referred ; that ia, if we «iraw a line from 
the space rep rBsen ting the Dakota to that representing the Cenomanian, and 
another line from the space representing the Comanche to the upper part of 
the one representing the Taronian, they will oroas each other. The shifting 
of the relative position upwartl or downwani ')f the right-hand and le&>hand 
portions of this table to meet the views of ditferent pecsons as to the general 
correlation of the American and European Cretaceoos will ni>t affiict the 
fact intended to be expressed by the crooaing of the lines betweea th^n. 



Montana ^roap. 
Dmnian. 

Colorado gronp. 
Senonimii. 

Dakota ^oup. 

ToToaimn. 



Cenomanian 



CotMkwhfi Series. '^ 

Ganlt. 



Neocomian. 



Many similar cases of theoretical paleontology at &a1t might be dted, to 
some of which I have already called attention in my writings, bat which I 
have not now time to consider. I think I am justified in saying that theo- 
retical attempts like these at special correlation of subdivisions of any geo> 
logical system for different continents are unscientific, and, with due respect 
to those who hold different views, that it is time we were done with them. 

Professor Hill: All analogies between the American and European for- 
mations seem to cease when we reach the Comanche group ; yet there are 
many species of the Comanche which are almost indistinguishable from 
European forms, and afford the paleontologists of the old world a founda- 
tion for their attempted correlations. 

Mr. C. D. Waixx>tt: Professor Hill has brought up the question debated 
by many geologists — whether the Cretaceous and later formations ever ex- 
tended over the central Paleozoic area of Texas. A few years since I ex- 
am ine<l the latter rocks of this area and saw the escarpments of the Creta- 
ceous strata facing the central Paleozoic area. As the last report of the 
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'V»y%«iM A .j^^ntion > .-v.'v -.-irriu'j amn* siiaii o^ff^idsr^ &) die Amir .>f 
•/►^>'^^T>n,'*, !5%rn»» w . ^>«* ^m-t;**!** i«iii j» nuuuw iif ^nrraaaim. Tib* •lu«- 

r^\^^ %f vtt«*u-T*u %»'>*nAii -. ,» m-rv v, *r>iridi* «3iil«» if jiJid aenlpcarc as a 
m^<v< '>f ^tAr^\ % -./ «;«*^*>»Wi../ v.*^ Tstrj-.ax aetiamfca -if die teaii aaai 

jf^/ri'*^/^'* ft:* 7*, •h'i*/,-/^ *r.'-* ;s»i;wt*/t w.fk4%n ia v.j» new £tiii,aMi aw brine- 
\ft% P^f'''^ r^'f M // 3r'*^t ;r.^>r^nt at*'-! Tal.>»^ It S«eMMi crideBC, apon 
A/rr>*yWA^i^/r>. r.f^»f \f ',*. ',^ i/^^. r,^. Uf 'y.rr^late fra^paenta of t.:-pQpaphT dis- 
if, Vrv/J w*T tfr^ fi>AA <,/ ir^ -iMr.'.iri^r.i, we fliaj enon^el 5>rEB«tioaf ai great 
/|K'#r»/'>^ fry ft jf]r,T*;/<i(ra;,%>, rharn, wn*:r* t«riina<titarr cncBccciott beadrelT 
w^rr^fri(. Mftfyy rin«/»,7^J pfvs>rr« In cr/irelatKiii will jieui to the appliea- 
tv/rt //f Of^ ft*"W m^th'»f\, an 'I man J UiaUUirt correlaOofH will be Ofreitbrowii 

Ih*' tff^hfp^i hfm }f*'*'n Mp'ffVi^l in ccrisua dutricU safficientir widelr and 
niff/f-^NUy Ut ff'whr it fU^'trnhU: Ut devi^i^ y>fD« satisfiu^toiy method of car- 
UfZ^ftlfh'ut rf^prt^'uUii'ton. To illaitrate, Profeasor W. M. Dav», haa deter- 
iwnfv\, HM im fi^'li^v^, tlint th^; remarkablr horizontal crest-Iioes of the 
A\f\Hi)fU'htnn rnnf(f^ in Pennsylvania and New Jeniej are remnants of a base 
pift'tn fnrwpil iti (In^Uu't'oun timf;«i. He hajt also determined that a later 
\th)it Iff miicli wi'lfff f7XU;nt rqmmcnbi a ba»c plain formed in Tertiary times. 
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will acquire features characteristic of the newer cycle, while the harder mem- 
bers retain features from one or more previous cycles. This corollary is the 
aiding principle in practical work. 

A natural consequence of the continued attack of the destructive forces of 
geographic development is that the more ancient forms are consumed and 
obliterated in the production of the new ones. It is therefore characteristic 
of this kind of work that, as more aud more modern time is approached, the 
recognition of finer and finer subdivisions of time becomes possible. The 
older cycles that I have identified give us little record now beyond the gen- 
eral statement of a long still-stand. All the presumable minor oscillations 
during such a period are lost to our belated sight. 

All old land forms would be rubbed out were it not for their occasional 
preservation by burial for a long period, followed by a resurrectiou, when 
they may become once more visible. Such surfaces might be referred to 
two dates : one the date of their first development and burial, the other the 
date of their rediscovery. 

It appears that, when thus r^;arded, the forms of the land around us have 
been produced at different times. It is therefore possible to date them in 
accordance with the geological ages or divisions of time in which they were 
given their existing forms. In this geological sense, their *' age " has an 
entirely different meaning from the geographic sense in which it has been 
used above. I shall therefore use the word ** date" in speaking of geological 
time, and reserve "age" for the geographic meaning already indicated. 

The Topographic Forms of the Atlantic Slope. 

Outline of this Essay, — ^The thesis maintained in this essay is, in brief, as 
follows: The Permian and Jurassic constructionlil topography of the Atlantic 
slope was practically obliterated over the greater part of the area by the 
long-continued denudation of Jurassic and Cretaceous times, as a result of 
which the region was reduced to a lowland of faint relief — a peneplain. 
The only considerable elevations that remained above this lowland were in 
the White mountains of New Hampshire and the Black mountains of North 
Carolina, with their extension in the Blue ridge of Virginia. This Creta- 
ceous lowland was uplifted about the opening of Tertiary time, and consti- 
tutes the upland surface of our highlands. The valleys and open lowlands 
of to-day have been etched during Tertiary time in the uplifted Cretaceous 
peneplain, their depth depending on the height to which their streams were 
raised, and their width depending on the weakness of the rocks in which tliey 
are sunk. About the close of Tertiary time a moderate elevation occurred, 
allowing th& rivers and streams to trench the lowlands produced in the Ter- 
tiary cycle. Near the sea-coast, where changes of level soon have effects of 
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&wjtj toward the we^ Looking from its edge eaatward, the trap-ruifes of 
the CooDectiaat valley are aeen imng to abcMit the same height as the piatemn, 
and beyood them portiooa of the correaposding eastern erystalline plateaa 
may be seen, still ekeelj aeeordant with the same general scale of elevatioD. 
The valleys and lowlands by which the plateaa is intermpCed may be filled 
again in imagination to the general level of its ssr^Ke^ and we shall have 
then restored a part of one of the more important el^aents^ if noC the Bsoet 
impmtant element, in the topography of the Atlantic slope. The rertored 
imrikee is not by any means perfectly even ; bot its ineqoalitics are moder- 
ate, and it may be joatly called a peneplain. It is manifestly a sur&oe of 
denudation, lor it is not at all in symptUhy with the disordered stmctnre of 
the crystallines or with the United monocline of the Tnassic area. It is 
manifestly a surfiuie of long-endoring denudation at about the same ahitode 
of the land, for otherwise it could not have been reduced to so nearly level 
a surface as its parts now show its whok to have been before the present 
valleys were sunk into it. It is manifestly a product of doiudation, not at 
the present altitude of the land, but when the whole ri^;ion stood as a less 
altitude, such as would place the surfiu^e of the old poieplain cloee to base- 
level.^ The form, extension, and date of completion of the peneplain, the 
date of its elevation to its present altitude, the tilting it may have suffered 
in elevation, and the time during which the valleys that now break it have 
been excavated, are to be examined. 

The form of the peneplain may be seen from any one of the many slightly 
higher points of its upland surface. For example, taking the Air Line 
railroad eastward from Middletown, Connecticut f (see figure 1), one soon 
passes from the open Triaseic lowland to the narrower valleys that are cut 
in the harder crystalline rocks of the eastern plateau; and at the little 
station of Cobalt, a road toward the north leads to Cobalt hilL The hill 
consists of a hard quartzitic schist, and afibrds a fine prospect over Uie sur- 
rounding country toward the east, south, and west. The prevailing feature 
of the view is the general evenness of the uplands. There are no summits 
rising like mountain peaks above the general level. The valleys that are 
cut below it will be referred to in a later paragraph. If an excursion be 
made eastward from Spriogfield, Massachusetts, to the hills of the plateau 
back of Wilbraham, the evenness of the upland is less marked ; a number 

•ft^e the Topographic Development of the Triftj'ftic Formation of the Connecticat V»lley, by W. 
M. Davis : Amer. Journ. Hcience, 3d (»er.. vol zxzvii, 1880, pp. 4^3-434. 

tThe TAriout towns, rivers, and geographic dii«trict8 mentioned in thia paper are indic»ted by 
Initial letters on several rough diagrams. The la.«t pages of the easay contain an Index of names 
and abbrevatlons employed. The diagrams have been prepared in the hope that they might serve 
a useful purpose to ibose readers who are not familiar with the details of the region under con- 
sideration, for my own experience in reading has shown me that geological arguments of relative 
simplicity are often obscurt-d bv the geographical integument that encloses them. The atlases in 
common use generally fail to locate small towns and streams; special maps of state surveys are 
often diflncult to examine, as they present much more than is wanted. A good map, especially 
prepared for this paper, would be too expensive. Diagrams are therefore attempted, somewhat 
experimentally. 
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The vpUjied Crdaeeong Pen^lam in the New Jcney Highlands. — The New 
Jenej hifchUnda are in numj wmjs homologous with the Berkshire high- 
lands of Maasachns^ts. Thej are both composed in greatest part of crystal- 
line rqcks ; both are greatl j disturbed ; both lie between belts of Triaasic 
deposits on the east and Cambrian strata on the west^ The oorrespoodenoe 
ma J be found in form as well as in structure and associations. The high- 
lands of New Jeraej possess in a conspicuous degree the evenneas of summit 
outline that prevails in Massachusetts. Standing on the northern end of 
Schooler's mountain, near the center of the highlands (see figure 2), the 
surrounding members of the plateau show a marked tendency to rise to the 



FiouBB ^—Cretaceous Peneplain in New Jersey. 

general upland level, but not to pass above it. This feature was recognized 
by Professor Cook some years ago, although it does not clearly appear that 
he explained it as a result of denudation while the region stood at a less 
altitude. He wrote : 

**The Highland mountain range consists of many ridges, which are in part sepa- 
rated by deep valleys and in part coalesce, forming plateaus or table-lands of small 
extent. Some of the included valleys are quite as deep as the red sandstone plain on 
the south and the Kittatinny valley on the north and west. * * * A character- 
istic feature is the absence of what might be called Alpine structure or scenery. There 
are no prominent peaks or cones. The ridges are even-topped for long distances and 
the average elevation is uniform over wide areas. Looking at the crests alone, and 
imagining the valleys and depressions tilled, the surface would approximate to a 
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-1* — . Uvt-lH-uufu IT^I.'V tMiltlU Ulltl tUBT li 

1' — *^iitii-^ "t-utun. .iiuunaed And ctmtumn^ Cw < ' «r> sr. "* 1 

111" — K^*^^ hicU \ iLkM»Aliffsniut oarrl Tti« fdasu^ mn ii€«r«T. if mc qniie. »1: bi- 
xte \ti^ uiiu art- mufit'T cirmmrauiMi v if tiser fiTrmcd sc ■wmhi i ciunv- 
liiit Ttiurt' an- nunieniuc^ shaTk STtc iwiniid teeth mamsaLlHE boFnob, m. 
Un"k. iHHc*^ .sut)e4iwit?f .1. »erUim« T^-i»Ti*' l.nr tirf- nnd*- ittei of & tntw^, 
lnH.'k tvuiT.i.uu j»etn)i**t:. unc frfc^HjTitr- of It^it*- S 

-.. — Urn I Mil. \ fliow duidf Twemtii.itf iitvsiau V tti>.p-« ijf IIH- Tenjarv mi Xrf^ww 

J*w*i»fc Trtie. Alatwina * 11* 

1.'4 — \^m\ tniiiu .Tiu*rmminsied wiu. iii:r Muns of nxttrf ■Txri'UL''«oH^ iKiui ml. iif 

»liK*i ^^ uiii"i**i..if«n»u» , 2f> 

-»'» — i^-^x Mind^^ mioftrenof ei«T . witt l:n» of tHtwider^iUa- rimrrKHinf prmcctin^ 
iron. tiH inoiC ; fim aeer. s: Lawhc ^ wodd-vsru G«nnna. Fev foosiB 
t'Mvjtt £ nmnztti, ^} - occur it. ibt inwer pan nf thi^ sasxnm. A mile 
fc!i»»\t HiuffiiiWT;. G*NJ-*ri*- chaT»ci*»ri*tJc EipieT sbelB. wanuiy fa:vm}v«s. 
h*^ fiTUTi:: .1 « muL't u^^'Hup »««k1 fttJite inrougbnm k stnuinc € ti- ^ ^-et 
thioR » n^if itHr UTntcmiurt It' ?■-♦■: if ibf enti?T-«iTmtnii! if tbtv iii«ilifBrr«i&. 
Nm^ •^•<*rT:ur»L ^ lAndmi: Alutnnuk <rt^: mli^ ir ibe strxtk jit* seen, ix>> 
^ t> \ :ti^ KtKtu: ^> fe*!l of ibf aaTidf<. Tti***** ni:nuitDre aniichnal^ «nd «;Tt- 
i'.:Tuti> ciint.iiu*- u» wiihiL twi- miie- tif FmrencM-. G**ir]ji». ISH 

£iztit« cwn|.. 

TiiKTiAirr ^tjlmUl. 

T^ohuom aai I^lvlgitmA. — ^Hilrrard '^ appeuv to W somewiiaA in dnnht » 
li) xbe exBCt tbickD«» uid chara<*ter»ucfi of the Ttsniflrr is MwBJwgpjn, 
jiiaciiir ix al mbiint <iiJ^' feet, cxclufiive of the Gnmd Golf, wbic^ if jimlmblT 

Snihh; dirjdtsfr itrt* Enceut iDt(» tl.ree jmrtB: tbe lower, conmBthii: of ibe 
Mid WET, lUaok BiuC MAitbewf' LaDdinir rir K&benla, ywialklifc, BeTTs 
Ludin^ vtr Tuscabdnuu ITiKidV Klnf^ nr BsshL and Hxtodi^i^^bee : the mi^ 
drt", wmifiriain^ ttie liutirBKHH* mud CittitHime ; and tbe ufijier, wiiidi indodtf 
ibe JarkHtm and Yiokftbu^'^: in airrre^ie thjcfcneap reaching abont 1,70(* 
f<HiL In ibf (TbatUibtMicbee watt^r-sbed the tiital tbic^nieBt jf lint in ore tkui 
3 J(H» feet, and manj trrou)*^ rejireftented ajimg tbe weBtem iiurder rtf xbe 
otate art* eutir^^T lacking, wLIie oiber» are s{> ntteppatftd 9b li> hare aJmad 
liwt their identitj. 

7V Mtdfwm or Clmfimi. — ^At the tyjucal locaditT onl^ Alahmia rh^er, ^ 
MTjdwBT trrtmy ccmBkit of !(» fefli t»f lirhi rraj, Tery anrHlaoeniff £iiieAnD&, 
cjhaTH(n<Tiztid br ^oiailus ' JEinrJimaiftoercu' w/WrZii, HTatL FiiI]nwTn|: tie 
pT(iU]» eafftward fi»r !'(» iniJeF u» the vifhiiTy of AiKiCt^m, Alabama, thif Brae^ 
fitom' hai^ itiflt itf iLr^VaacH' tiH- (tiiaracaej-, and if nnderlain l»r an addiliattai ]5 



; 1ml. -4: I b t^o* i^urvpr, l*wi., jj 11*. 
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i«ai onterop on the AI]U)ftnut river. No stmtoin xAml coolti be re&rred to 
thm horizon hm hetm noted esmt of Mimroe county, Alihanw, or onie duHL 
twenty mi left from <^Jaibome. 

Beneath the Claiborne imnd» lies si bed of ^rsy csicsreoos aud cfaarae- 
teriaeii by nomemnn shelle of O^ftrmi iieikefmrmM, Ct>otnuy to the opinion 
of A. Wincheli,* thU has proved Co be the moat pematant member of tfaia 
gronp, having^ been traced by the writer personally from r^umnlovey creek, 
near Gartand«ville, Xewt4)n county, ^iTiauanppi, to the <jeorgia line^ In 
general charaeters it does not vary thronghoat ita extent, being aboot 7-7 
feet thick on eaeh of the three rivern. 

The ioweast division of thifl gronp appears Uj be confined to the region 
drained by the Alabama and Conecnh rivera. It is aboot 4o feet thick, and 
differs from the preeedtn^ mainly in a pecaliar ^roap of fomUs that hmve aa 
yet been bnt imperfectly studied. 

The total thicknesR of this .^roap, a* ^ven in ^^mith'a !;enenl deetioa,^ m 
145 feet, as compared with 7o on the Chattahoochee, where the Ottrwai MQtJB- 
formic bed m the !*ole representative. 

The White lAmefirme, — The yonngert member of the Etieene in die Grulf 
emhayment wan considered Cretaceous until LyeiFa second vi»t to this 
country, M'orton X having described the characteriatic liwala waA referred 
them to the C'r^^taceoos. To fVilitatc companaon, the group may be subdi- 
vided into the Jackson and Vicksharj^. 

Hil^rd § mentions the occurrence of lignitic clay between the JackatMi 
and Vickflbur^ srroups. Attention has already been called | to fae<b of lig- 
nitic «ind int^^rcalated between the calcarer>a8 Jockaon clays exposed on Pearl 
river, Miwis^ppi. At Red Bluff, Mississippi, oearthe Alabama line, theapper 
part of the ligrnitic clays contains an ah^indance of marine forma, while at the 
Alabama line these clays have become ao calcareous and barr»i of foasik 
that they blend imperceptibly into the prairie-making rockaof the Jackson. 
The Jackson sub-group, consisting of gray and white ealeareooa claja in a 
general way devoid of fr>«>il3 except a few ZeMffiit>don vertebrae, has bcoi 
traced from the Yazoo river to the Sepulgah, east of which it beoomea more 
sandy and ferrn^nons until, on reaching the Chattahoochee, it is almoct a 
counterpart of JHmith*^ HruUMa bed. 

The Vicksbursf, or orbitoidal limestone is, at its typical locality, rather a 
calcare/ms sand than a limestone, changing on Pearl river into occasional 
ledges of induraterl subcrystalline limestone, and from the MisaisBippi— Ala- 
Kama line to the Chattahoochee it assumes a white chalky phaae which con- 
stitutes pra^^tically the entire group. The total thickness of the group is, in 



• Pro<!. Am. Kn^oc. Adr. ^.U vol. X, pwt II, 183«, p.8t. 
j Author, Am. iouro, 8cl, 3d tft^ I8ii«, toL XXXL 
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Fett, 



22 — Gray fosnliferous marl, sbelU much decomposed. An occasional ligni^zed 
log and numerous slightly phosphatic nodular masses containing fossils 
occur in thisstratum 6 

23 — About the same in general character as 21, but contains indurated ledges 
about a foot thick, which show the dip to average 40 feet to the mile, 
with numerous rolls ; ends just above the mouth of Cowikee creek, Aln- 
bania. 170 

24 — Soft, less coherent sand, gray in color; appears at the mouth of Cowikoo 
creek, Alabama, from which the southern bank of the creek, composed of 
this stratum, may be seen to rise 60 feet fk*om the water 60 

25— Gray calcareous sand, with indurated ledges, containing Exogyra eoataia, 
Say ; Oryphcea mutabiliit Mort. ; Hamulus onyx^ Plieatula urticosn^ 
Anomia^ sp. ; forms the shoal at Frances bar and bluff at Eufaula, Ala- 
bama _ - 190 

26 — Light-gray and yellow sands, interlaminated with sand darker in color, 
more argillaceous, and containing bits of lignitized leaves and twigs ; no 
other fossils seen ; crops out in the gullies of Eufaula next below the 
Orange sand 20 

27 — Massive griiy sand, with a few fragile fossils and bowlders. This sand is 
only slightly calcareous, and is more or less lignitic; dip here about 100 
feet to the mile 40 

28 — A more calcareous sand, filled with Exogyra costata^ Say, and many indu- 
rated ledges, giving rise to the first bar below Eufaula 70 

29 — Light-yellow cross-bedded sands enclosed between indurated ledges 20 

80 — Calcareous gray sands, with bowlders 50 

81 — Yellow sands and indurated ledges filled with casts, Exogyra contaia^ Say, 
and echinoids set fast in the ledges. The sands are cross-bedded and con- 
tain some lignitic streaks 85 

82 — Gray fossiliferous sand, with bowlders. The sand is massive, and is fossil- 
bearing only in the lowest 6 feet 40 

88 — Brown laminated argillaceous sand ; disappears at the mouth of PatauU 

creek, Georgia . 6 

84 — Light-yellow sand, interstratified very irregularly with a gray micaceous 

sand filled with friable Ripley fossils ; mouth of Pataula creek, Georgia.. 80 

85 — Hard sandy ledge ; weathered surface Jagged ; contains Exogyra eostata. 
Say, and echinoids ; very light yellow in color, white when dry and not 
weathered 80 

86 — Gray sand, with indurated ledges ; no fossils seen ; merges gradually in the 
upper part into a dark, almost black, sand containing large nodular 
masses and interstratified with l|ght-yellow sands 86 

87 — White coarse conglomerate, the matrix material being calcareous. The 
quartzose pebbles decrease in size toward the top, and the stratum be« 
comes more argillaceous. There are many casts, but all too obscure for 
identification ^ 18 

88 — Massive blue clay ; contains a few bits of teredo-eaten lignite (probably 

top of Cretaceous) 6 

89 — Massive sandstone; coarse-grained and almost a conglomerate 8 

40 — Light-yellow silicious limestone, containing a large Oit/cra and numerous 

obscure casts ; five miles above Fort Gaines, Georgia }0 
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Comparative Sections of eastern and western Alabama. 



The following tables show the relative thickness of the Tertiary aud Cre- 
taceous strata as exposed along the Tombigbee and Chattachoochee rivers 
respectively : 

Formations. 



General* 
section. 



ChHttHhiX>« 
, chee sec- 
tion. 



FeeL 



I 



MiocMNK i ^^"™ Bluff... _ .'(Not seen) 

jniocKNK I Chattohoochee .._ (Not seen), 



f 



EOCENK 



Upper 

(White Limestone.) ( Jackson 



(Salt Mountain . 
Vicksburg 



150 

140 

60 



MiddU 



f Claiborne 140-145 



( Buhrstone .. 



■I 



Lower 

(Lignitic.) 



I 



( Ripley 

Crbtackous— ^ Rotten Li mestone- 
lEutaw 



Hatchetigbee. 

Bashi 

Tuscahoma .. 

Nanafalia 

Naheola 

Black Bluff.. 
Midway 



Crktaceous (?). Tuscaloosa (or Potomac) 



800 

176 

80-85 

140 

200 

130-150 \ 

100/ 

26 

250-276 

1000 

800 

1000 (?) 



* Bull. 43 U. S. Geol. Surrey, 1886, p. 18. 

Series, 



MiOCKMK ... 
EOOENK 

Crktacsous 
Total . 



General 
section. 



Feet. 

(Not seen) 

l,655jb 

2,5G0-b 



4,215.-fc 



Feet, 



65 
250 

(Not seen) 

250 

25-80 

70-75 
170-175 

10 
44 

173 
175 

(Wanting) 

218 

1031 
(Wantinif) 
345 

65 



Chattahoo- 
chee sec- 
tion. 



Feet, 
815 
1,145± 
1,441 



2,900j 



^000) 
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Session op Monday, December 29. 

The Society met in Columbian University at 2 o'clock p. m., Vice-Presi- 
dent Alexander Winchell in the chair. 

When the meeting was called to order, Mr. G. K. Gilbert, chairman of 
the Local Committee of Arrangements, introduced President J. C. Welling, 

LXXXIX— BctL, GroL. Soc. Am.. Vol. 2, I8O0. (o07) 
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REPORT OP THE COUNCIL. 609 

« 

As the sessions of the International Greological Congress begin in Wash- 
ington on August 26, 1891, it will be well for the Society to hold sessions on 
the two days prior to that date. This is in strict conformity to the require- 
ments of the constitution, as the American Association for the Advancement 
of Science will begin its meeting in Washington on August 19, 1891. The 
Ck>uncil therefore recommends that when the Society adjourns, it adjourn to 
meet in Washington on August 24, 1891, at 10 a. m., and that the sessions 
continue during August 24 and 25. 

By formal vote of the Society, the recommendations of the report were 
adopted. 

ELECTION OP OPPICERS AND FELLOWS. 

The Secretary announced the result of balloting for officers for 1891 as 
follows : 

President : 

Alexander Winchell, Ann ArBor, Mich. 

VtcePresidents : 
6. K. Gilbert, Washington, D. C. 
T. C. Chamberlin, Madison, Wis. 

Secretary: 
H. L. Fairchild, Rochester, New York. 

Treasurer : 
Henry S. Williams, Ithaca, New York. 

Membersal-large of the Council : 
Class of 1893: 
George M. Dawson, Ottawa, Canada. 
John C. Branner, Little Rock, Arkansas. 

ClHSSof 1892: 
E. W. Claypole, Akron, Ohio, 
Chab. H. Hitchcock, Hanover, N. H. 

Class of 1891 : 
I. C. White, Morgantown, W. Va. 
John J. Stevenson, New York City. 

Editor: 
W J McGee, Washington, D. C. 
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The result of balloting for Fellows was announced bj the Secretary as 
follows : 

T. Nklsok Dalk, Newport, B. I. Assistant Geologist on the U. S. Geologicml 
Survey ; now engaged on structuml geology. 

Obtillk a. Derby, M. 8.*, present address Rio Janeiro, Brazil. Director of the 
Geographical and Geological Survey of the province of Sao Paulo, Brazil. 

Ult. S. Grakt, B. S., Minneapolis, Minn. Now post-graduate student at Johns 
Hopkins University, engaged in study of crystalline rocks. 

Edmund JCkskn, Ph. D., Washington, D. C. Assistant Geologist on the U. S. Geo- 
logical Survey and engaged on surface and crystalline geology. 

Will H. Shkrzer, M. 8., Saginaw, Mich. Teacher, and engaged in paleontologl- 
cal work. 

The death of Richard Owen was announced by the Secretary, and author- 
ity was given to publish the following — 

OBITUARY NOTICE. 

Dr. Richard Owen, yoiungest brother of David Dale Owen and Robert 
Dale Owen, died at New Harraouy, Indiana, on March 24, 1890, at the 
advanced age of somewhat wore than eighty years. He was a native of 
Lanarkshire, Scotland. His education and training, prior to his settlement 
at New Harmony, Indiana, was partly at Lanark and at Hofwyl, Switzer- 
land, and later at Glasgow, where he had a course of study with Dr. Andrew 
Ure. He was known as author, teacher, geologist, and soldier. His first 
geological work was done in association with his brother, David Dale 
Owen, on the United States survey of Wisconsin, Iowa, and Minnesota, 
where he was employed mainly on the northern shore of Lake Superior. He 
published in 1857 a work entitled " Key to the Geology of the Globe," and 
in 1862 his report on a '* Geological Reconnoissance of Indiana." His later 
scientific publications relate to physical geography and seismism, and are 
principally published in the Proceedings of the American Association for 
the Advancement of Science and in the American Meteorological Journal. 
His two sons, Eugene and Horace, now reside at New Harmony.* 

On motion of Mr. G. K. Gilbert, the thanks of the Society were unani- 
mously voted to Professor J. J. Stevenson for his services as Secretary and 
for his eificieut labors in organizing the Society. 

Mr. G. K. Gilbert made some remarks in announcement of the illness of 
the President of the Society, Professor J. D. Dana, and Vice-President J. S. 
Newberry, and moved that the Secretary be instructed to communicate to 
President Dana and Vice-President Newberry the assurance of the sympathy 
of the Society in their illness, and hopes for their speedy recovery. The 
motion was unanimously voted. 



* A sketch of the life and work of Dr. Owen, with a portrait, wm published in the American Geolo- 
gi8t« vol. VI, 1890, pp. 136-145. 
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The but prnper of the aftanooo leaBOB w m 

POer-PLIOCEXE 8UBBII>E!rCE TEBSCa GLACIAL DAMS. 
BT /. W. fPKSCKm. 

Thu was diMmflBed bj G. K. Gilbert. It is printed as p^ges 46-^-476, 
with plate 19, of this Tolame. 

The Soctetj adjoamed, to meet at 8 o'clock p. m., in the same place. 



£vE!fnrG SESBiOKy MosDAT, Decexber 29. . 
The Society conreoed at 8 p. m^ President Winchell in the diair. 
The first paper of the eyening was entitled : 

ILLUSTftATIOXS OP THE 8TBUCTURE OF GLACLA.L SAXD-PLAINB. 
BT W. M. DAT18 AJTD H. L. KICH. 

Profesfor DftTis described the form and structure of glaciml sand-pUuns, and illus- 
trated bis remarks hj a series oflantem views made from photographs taken by Mr. 
H. L. Rich, of Aubumdaie, Massachusetts, who has been associated with him in the 
study of these deposits during the past year. The text of Mr. Davis* remarks is given 
in his paper on this subject, read by title only at the New York meeting and pnb> 
lished in the Bulletin volume 1, pages 195-202, plate 8. 

The second paper of the evening was — 

GLACIERS OF THE ST. ELIAS REGION, ALASKA. 
BT. I. C. RUSSKLL. 

The glaciers of the St. Elias range and of the foothills and lowlands between the 
range and the Pacific ocean were described and illustrated. The glaciers were classi- ' 
fied as (1) Alpine glaciers, or ice-rivers of the usual type; and (2) Piedmont glaciers, 
or broad ice-sheets lying at the bases of mountains and formed by the confluence of 
Alpine glaciers; and both classes were discriminated from continental glaciers. 

The paper was illustrated by lantern views. It is published in full, with other mat- 
ter, in The National Geographic Magazine, volume III, 1891, pages 53-204, plates 
2-20. 

The Society adjourned to meet in the same place on Tuesday, December 
30, at nine o'clock a. m. 
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On reassembiing, the followiog paper was read : 

THE RELATION OP SECULAR ROCK-DISINTEGRATION TO CERTAIN TRANSIt 
TIONAL CRYSTALLINE SCHISriS. 

BT RAPHAKL PrMPBLLT. 

This coraroanication waa discoseed bj Jed. Hotchkias, G. KL Gilbert, H. S. 
Williams, B. K. Emerson, F. L. Naaon and the author, and will be found, 
with the more considerable part of the discussion, on pages 20^224 of this 
volume. 

The next two papers were read by title : 

A PROPOSED SYSTEM OF CHRONOLOGIC CARTOGRAPHY ON A PHYSIO- 
GRAPHIC BASIS. 

BT T. C. CHAUBKRLUr. 

THE GEOLOGICAL DATES OF ORIGIN OF CERTAIN TOPOGRAPHIC FORMS ON 
THE ATLANTIC SLOPE OF THE UNITED STATER. 

BT W. M. DAVIS. 

The papers form pages 541-586 of this volume. 
The following communication was then presented: 

GRAPHIC FIELD NOTES FOR AREAL GEOLOGY. 
BT BAILBT WILLIS. 

It was discussed by G. F. Becker, Jed. Hotchkiss, P. H. Mell, aud G. M. 
Dawson. It forms pages 177-188, with plate 6, of this volume. 

The next communication was — 

MESOZOIC AND CENOZOIC FORMATIONS OF EASTERN VIRGINIA AND 

MARYLAND. 

BT N. H. DARTOir. 

It is printed as pages 431-450, with plate 16, of this volume. 
The next two papers were read and discussed together : 

THE CHAZY FORMATION IN THE CHAMPLAIN VALLEY. 
BY KZRA BRAIKKRD. 

Printed, with plate 11, as pages 293-300 of this volume. 
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ON THE LOWER CAMBRIAN AGE OF THE STOCKBRIDGE LIMESTONE AT 
RUTLAND, VERMONT. 

BY J. K. WOLFF. 

Printed as pages 331-338 of this volume. 

The two papers were discussed by J. F. James, C. D. Walcott, C. H. 
Hitchcock, and the authors. 

The Society then adjourned until 8 o'clock p. m. An auxiliary section, 
arranged to present papers on the Quaternary, adjourned early in the after- 
noon. 

Following the session of the afternoon the Fellows and ladies partook of 
an informal dinner, without speeches, at Willard's Hotel. 



Evening Session, Tuesday, December 30. 

The Society reassembled at 8.10 p. m., and listened to a paper, illustrated 
with lantern views, entitled — 

A contribution to the GEOLOGY OF GEORGIA. 
BT P. H. MELL. 

This was followed by — 

ANTIQUrriBS FROM UNDER TUOLUMNE TABLE MOUNTAIN IN CALIFORNIA. 

BY OEOROE F. BECKER. 

Remarks were made on this communication by G. F. Wright, E. D. Cope, 
H. W. Turner, and the author. The paper, with discussion, will be found 
as pages 189-200, with plate 7, of this volume. 

Mr. J. S. Diller presented the report of the Committee on Photographs, 
which has been amended and enlarged to read as follows : 

FIRST ANNUAL REPORT OF THE COMMITTEE ON PHOTOGRAPHS. 

At the meeting of the British Association for the Advancement of Science in 1888, 
Mr. Oamund W. Jeffs presented a paper on local geologic photography which led, 
at the next meeting of the Association, in September, 1889, to the appointment of a 
committee to arrange for the collection, preservation, and systematic registration of 
photographs of geologic interest in the United Kingdom. 

LXL— Boll. Geol. Soc. Am., Vol. 2, 1800. 
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The success of this movement was afterwards brought to the attention of the Inter- 
national Geological Congress in London in 1889. Professor H. S. Williams suggested 
to Mr. J. F. Kemp the advisability of initiating a similar movement in the Geological 
Society of America. Mr. Kemp prepared a paper on this subject for the New York 
meeting of the Geological Society in 1890, but for the want of time it was crowds 
out. He urged the Secretary to bring the matter before the Council, and %i the reg- 
ular meeting of the Council, held in Washington in April, 1890, the following Fellows 
were appointed a committee on photographs : Professor J. F. Kemp, Cornell Univer- 
sity, Ithaca, N. Y.; Professor W. M. Davis, Harvard University, Cambridge, Mass.; 
and Mr. J. S. Diller, U. S. G^logical Survey, Washington, D. C. 

The object of the movement is to make a photo-geologic survey, and secure for 
the Society a national collection of photographs illustrating the geology of the country. 
The demands for such a collection, already felt by the committee, are, first, to furnish 
to teachers better illustrations to use in teaching geology, and, second, to furnish to 
investigators material for comparative study. 

The plan of the committee is: (1) To solicit donations of photographs of geologic 
phenomena, not only from Fellows of the Geological Society of America, but also 
from all other persons who can furnish them ; (2) To exhibit the collection of pho- 
tographs thus obtained at the annual meetings of the Society; and (8) To publish 
annually in the proceedings of the Society a report containing a register of the pho- 
tographs received during the year. 

The committee has issued three circulars. Number 1 was hektographed, and dis- 
tributed in June, 1890. The same matter was printed and sent out in August. 1890, 
as circular number 2. The third circular was issued at the Washington meeting of 
the Society, and has since been distributed from Rochester by the Secretary. It con- 
tains a complete, but greatly abridged, list of the donations of photographs received 
before December 29, 1890. 

At that time the committee had received 298 photographs, of which 21 were donated 
by Professor J. F. Kemp, of Ithaca; 269 by the Geological Survey, through the 
Director, Major J. W. Powell ; and 3 by Professor W. B. Dwight, of Poughkeepsie. 

To facilitate exhibition and examination at the annual meeting, and at the same 
time to ensure preservation, the photographs were classified and temporarily bound 
together in the form of books, as indicated in circular number 3. 

Since December 29, 25 photographs have been received from Dr. George H. Wil- 
liams, of Baltimore; Professor P. H. Mell, of Auburn, Alabama; and Mr. G. P. 
Merrill, of Washington, D. C. Professor W. M. Davis announces that he is pre- 
paring for the Society a collection of views illustrating the physical features of New 
England. 

The expenses of the committee in printing the circulars and preparing the photo- 
graphs for exhibition have been about $20. 

The committee solicit the donation of good photographs which clearly illustrate 
important geologic phenomena, among which may be mentioned typical views of 
eruptive and sedimentary rocks, of dikes, bosses, contacts, transitions, folds, faults, 
jointing, cleavage, weathering, etc., of glaciers and other geologic agents, as well as 
of good exposures of definite geological horizons and of characteristic topographic 
forms, especially those which have a visible bearing upon the geologic history of 
the country. 

Photographs may be sent to any member of the committee. Prints smaller than 
4 by 4i inches are not desired. They should all be mounted ; and for artistic effect, 
as well as ease of preservation, gray cards are preferred. 
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Each photograph should he plainly labeled, giving the subject, with a brief but 
explicit reference to what is illustrated by the photograph, its date, locality, and the 
name of the artist and donor, and a reference to its publication, if the photograph 
has been published, either in type or plate. The label should be placed, if in type, 
upon the front, beneath the photograph ; if in script, upon the back. 

The photographs should be accompanied by a statement whether duplicates and 
lantern slides can be furnished, and at what price, and the address of the person to 
whom application for them should be made. It is suggested that in order to save 
trouble to the donors, arrangements be made with local photograp)iers, to whom 
the negatives may be intrusted, to fill orders. 

Register of Photoora.phs Received ik 1890. 

The following is a complete register of the photographs collected previous to the 
Washington meeting. It contains the running numbers of the photographs by which 
they can be ordered, their labels, sizes, dates, the cost of duplicates, as well as the 
names of the photographers and the donors ; also directions as to where duplicates 
and lantern slides may be obtained. 

Professor J. F. Kemp presented 21 photographs, numbered from 1 to 21 inclusive. 
All but 18-21 were photographed by Mr. Kemp. Their size is 5 by 7 inches. They 
may be ordered of him at $0.10 unmounted, $0.12 mounted, postage extra. 

1. Boss or knob of so-called porphyrite, associated with the eleeolite-syenite near 

Beemerville, New Jersey. (Am. Jour. Sci., 3d ser., vol. XXXVIII, p. 180.) 
June, 1888. 

2. The Sopris coal mines, near Trinidad, Colorado. The mines enter the hill just 

in the rear of the engine-house. September, 1888. 

3. Coal mines and butte at Rouse, near Walsenburg, Colorado. Characteristic 

scenery of the eastern foothills. September, 1888. 

4. View of Mount Sopris, western Colorado, from the Spring Oulch coal mines 

across Jerome park. The point of view is on the Laramie. The intervening 
upturned strata are Mesozoic and Paleozoic. August, 1888. 

5. The Sunshine coal mines, Jerome park, northwestern Colorado. The Laramie 

sandstones show in section on the right, dipping westward. September, 1888. 

6. Open cut and stopes at Pilot Knob, Missouri, showing the relations of the specu- 

lar hematite to the porphyry, and also the thickness of the ore body. Septem- 
ber, 1888. 

7- Open cut at Pilot Knob, Missouri, showing the specular hematite interbedded in 
porphyry and slate. September, 1888. 

8. Open cut at Iron Mountain, Missouri. Photograph taken on a very cloudy day. 

September, 1888. 

9. Red Cambrian quartzite, as exposed in the quarries at Willard's ledge, Burling- 

ton, Vermont. Dip 10°-15° E. July, 1839. 

10. Trap dike in red Cambrian quartzites at the Willard's ledge quarries, Burlington, 

Vermont. July, 1889. 

11. Red Cambrian quartzite at the Red Rocks, just south of Burlington, Vermont. 

Dip 15®-20<» E. The water is Lake Champlain. July, 1889. 

12. Overthrow of Cambrian sandstone on Utica slate, Lone Rock point, just north of 

Burlington, Vermont. The water is Lake Champlain. July, 1889. 
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Ko8. 94, 95. 96, 97, 99, 100, 101 are published tn Fifth Ann. Rep. U. S. Geol. Sur- 
Tej, with plate nambers at below. 

94. Mount Ljell, from the Tuolumne meadows, California. PL XXXVIII. 

95. Tuolumne valley, California, showing upper limit of ancient glacier. PI. LXI. 

96. Mount Dana, California, from the west. A small glacier on northern slope, 

glaciated country to the right PI. XXXIV. 

97. Mount Dana glacier, northern side of Mount Dana, California. PI. XXXV. 

98. Mount Dana glacier, northern side of Mount Dana, California. 

99. Mount Dana glacier, northern side of Mount Dana, California. PI. XXXVII. 
100-101. D*>uble plate. Mount Lyell glacier, northern side of Mount Lvell, Cali- 
fornia. PI. XXXIX. 

102. LeeTininic canon, near Mono lake, California. A glaciated canon with small 

terminal moraine in the foreground. 

Glacial Phenomena of Mount Shasta, California. (Excepting lOS and 112 photographed 
by J. 8. Diller, chiefly in July and August, 1884. Size, 8 x 10 inches.) 

103. Mount Shasta from the western base, near the railroad station at Sissons. , Size, 

8 X 10 inches. Photographed by C. £. Dutton, July, 1885. 

104. Mount Shasta from the north, after the first snowfall of September, 1884. 

105. Near view of Mount Shasta from the north. Mount Shasta on the left is 2,000 

feet higher than Shastina on the right The gray pile at the foot of the snuw 
between them is the terminal moraine of the Whitney glacier. To the loft of 
this is the terminal moraine of the Bulam glacier. 

106. Whitney glacier, crevasses and moraine, northwestern slope of Mount Shasta. 

107. Bulam glacier and moraine, northern slope of Mount Shasta. 
106. Mount Shasta from the east. 

109. Uotlum glacier and moraine, eastern slope of Mount Shasta. 

110. Glaciated rocks, southeastern slope of Mount Shasta. 

111. Moraine of late glacial field at western base of Lassep peak, California. Photo- 

graphed August, 1885. 

112. Glacial striie, north Tallo Bally mount, Coast range, California. Photographed 

by J. Stanley-Brown, August, 1889. 

Olaeial Sirice, Bowlders, Avalanche. 

113. Striated limestone bowlder from loess, one-half natural size, Norway, Iowa. 

Published in Eleventh Ann. Rep. U. S. Geol. Survey, pi. XLVI. Size, 8 x 10 
inches. Photographed by W J McGee, 1888. 

114. Perched bowlder, near Jura lake, Mono valley, California.* Published in Eighth 

Ann. Kep. U. S. Geol. Survey, pi. XXX V III. Size, 8 x 10 inches. Photo- 
graphed by I. C. Russell, 1883. 

115. Shore of Lake Ontario, at Pillar point, New Tork. Removal of glacial de- 

posits by the waves has ex{>osed a typical glaciated surface traversed by a 
few scratches ascribed to the grounding of iceoergs. Same subject as No. 116. 
Published by T. C. Chambenin, Seventh Ann. Rept. U. S. Geol. Survey, p. 
166. Size, 4x4} inches. Photographed by G. K. Gilbert, 1885. 

116. Shore of Lake Ontario at Pillar point, New York. The aberrant scratches are 

ascrilKMl to the grounding of icebergs. Same subject as No. 115. Size, 4x4} 
inches. Photographed by G. K. Gilbert, 1886. 

117. Bowlders in foreground, loess hills in background. S. E. J S. E. J sec. 8, T. 

93 N., R. VIII W., Fayette county, Iowa. Size, 6x8 inches. Published in 
Eleventh Ann. Rep. U. S. Geol. Survey, pi. XLV. Photographed by W J 
McGee, 1888. 
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118. View on Brush creek, Gunnison county, Colorado, to show the swath cut by a 

snow-slide through a dense growth of spruce. Size, 8 x 10 inches. Photo- 
graphed by G. Whitman Cross. October 8, 1885. 

Wind Eroaion. (Photographed by I. C. Russell, 1887. Size, 8 x 10 inches.) 

119. Eolian erosion in rhyolite, Mono valley, California. 

120. Sand dunes near Sleeping Bear bluff, eastern shore of Lake Michigan. 

121. Forest formerly buried beneath drifting sand and now exposed by eolian erosion. 

High part of South Manitou island. Lake Michigan. 

Toj>ograph%c Features of Lake ShoreSf ancient and modems Ontario Bonn, (Photo- 
graphed by G. K. Gilbert, 1885. Size, 4x4} inches.) 

122. Shore of Lake Ontario, Griffin bay, New York. The waves have excavated a 

cliff from bowlder clay, but have not been able to remove the larger bowlders. 

128. Shore of Lake Ontario, Griffin bay, New York. A barrier of shingle separates 

a lagoon Arom the lake. 

124. On western shore of Cayuga lake, at East Varick, New York. A delta modified 

in outline through defection of shore currenis by a projecting pier. 

125. Views of Iroquois shore, near Wolcott, New York. A* sea-cliff, cut from a 

drumlin, appears just to the right of the center, and a spit running to the left 
bears a house and barn. 

126. Portion of Iroquois shore, near Wolcott, New York. The camera stands on a 

spit and is turned toward a sea-cliff cut from a drumlin. 

127. Iroquois shore, near Constantia, New York. The camera stands on a beach 

ridge of gravel. Compare modern beach in No. 123. 
1?8. Iroquois shore, near Pierrepont manor. New York. Excavation of till by the 
waves left a cut terrace set with large bowlders. Compare with No. 122. 

129. Iroquois shore, near Pierrepont manor. New York. Excavation of till by the 

waves left a cut terrace set with largo bowlders. Compare wiin No. 122. 

180. Iroquois shore, section of spit, 3 miles east of Watertown, New York. The open 

lake lay at the left, a bay at the right. The spit was accumulated by additions 
on the landward side. 

181. Wall composed of limestone blocks rounded by wave action on an ancient shore 

of Lake Ontario, 5 miles east of Watertown, New York. 1890. 

Typographic Features of Lake Shores^ Michigan and Superior, (Photographed by 
I? C. Russell, 1887. Size, 8 x 10 inches.) 

182. Sea-cliff in limestone, Mackinaw island, Michigan. 

188. Sea-cliff in sandstone, small island near Marquette, Michigan. 

Nof. 134, 185, 139, 142, 144, 145, 147 are published by G. K. Gilbert in Fifth Ann* 
Rep. U. S. Geol. Survey, with plate numbers as below. 

184. Sea-cliff in hard sandstone, with beach beyond, Au Train island. Lake Superior. 

PI. V. 

185. Sea-cliff in bowlder clay, with beach in foreground. South Manitou island. Lake 

Michigan. PI. III. 
136. Sea-cliff in sand, with beach. Sleeping Bear point, eastern shore of Lake 

Michigan. 
187. Sea-cliff in bowlder clay. South Manitou island. Lake Michigan. 

138. Sea-cliff in bowlder clay. North Manitou island. Lake Michigan. 

139. Beach of limestone pebbles, Mackinaw island, Michigan. PI. VII. 

140. Gravel spit, with driftwood, near Mackinaw island, Michigan. 

LXLI^BuLt.. Gkoi.. 8oc. Am., Vou 2, 1890. 
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141. A spit forming under water, western end of Bob Blanc island, Michigan. 

Mackinaw island in the distance. 

142. Spit of shingle, Au Train island. Lake Saperior. PI. XIII. 

143. Curved sand spit, southern channel, Strait of Mackinaw. 

144. A recurved spit, " Duck point," Orand Traverse bay. Lake Michigan. PI. IX. 

145. Bar joining Empire and Sleeping Bear bluffs, eastern shore Lake Michigan. 

PI. VIIL 

146. Ancient sea-cliff of Lake Michigan, near Glen Arbor. Michigan. 

147. Ancient sea-cliff of Lake Michigan, South Manitou island, Lake Michigan. 

PI. VI. 

Lactuirine Deponis, Sedimentary, 

148. Sediments of Lake Lahontan, Humboldt valley near Rye Patch, Nevada. Pub- 

lished in Monograph No. XI, U. S. Geol. Survey, pi. XXII. Size, 8 x 10 
inches. Photographed by I. C. Russell, 1882. 

149. Lahontan lake-beds, bank of Humboldt river, Nevada. Size, 8 z 10 inches. 

Photographed by I. C. Russell, 1882. 

150. Contorted lake-beds near southern mare^in of Mono lake, California. Published 

in Eighth Ana. Rep. U. S. Geol. Survey, pi. XXIV. Size, 8 x 10 inches. 
Photographed by I. C. Russell, 1883. 

151. Deposit of infusorial earth 110 feet thick near Great bend of Pitt river, Shasta 

county, California. Size, 8x10 inches. Photographed by J. S. Diller, 1885. 

Laeusirine Deponts^ Chemical. (Photographed by I. C. Russell, 1888. Size, 8 x 10 

inches.) 

152. Lithoid, thinolitic and dendritic tufa deposited from the waters of Luke Lahon- 

tan, shore of Pyramid lake, Nevada. 

153. Towers of calcareous tufa formed by sub-lacustral springs, shore of Mono lake, 

California. Published in Eighth Ann. Rep. U. S. Geol. Survey, pi. XXV. 

154. Hillside coated with calcareous tufa deposited from Lake Lahontan, shore of 

Pyramid lake, Nevada. 
155; Calcareous tufa deposited from the waters of Lake Lahontan, shore of Pyramid 
lake, Nevada. 

156. Rocks coated with calcareous tufa, beach of oolitic sand. Shore of Pyramid lake, 

Nevada. Published in Monograph XI, U. S. Geol. Survey, pi. XIII. 

157. Tufa 4omes formed by sub-lacustral springs. Published in Eighth Ann. Rep. 

U. S. Geol. Survey, pi. XXI. 

158. An island of calcareous tufa deposited from the waters of Lake Lahontan, Pyra- 

mid lake, Nevada. Published in Monograph XI, U. S. Geol. Survey, pi. 
XXXVIII. 

159. Pyramid island. Pyramid lake, Nevada; an island coated with calcareous tufa. 

Published in Monograph XI, U. S. Geol. Survey, pi. XI. 

Spring Deposits, 

160. Upper geyser basin, Yellowstone National Park. Crater of Old Faithftil in the 

foreground at the right. In the distance the Castle and Grand geysers are in 
eruption. The formation is silicious sinter. Size, 10x18 inches. Photo- 
graphed by W. H. Jackson. 

161. Crater of the Castle geyser, Upper geyser basin, Yellowstone National Park. 

Silicious sinter. Size, 10x13 inches. Photographed by W. H. Jackson. 

162. Crater of the Grotto geyser. Silicious sinter. Yellowstone National Park. 

Size, 10 X 13 inches. Photographed by W. H. Jackson. 
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168. Old Faithful in eruption. Upper geyser basin, Yellowstone National Park. 
Size, 10 X 18 inches. Photographed by W. H. Jackson. 

164. Calcareous tufa bank. Cement creek. Gunnison county, Colorado. Face seen is 

40 to 50 feet high, overhanging in places, forming grottoes. Size, 8x10 inches. 
Photographed by C. Whitman Cross, July 28, 1886. 

165. Calcareous tufii deposit, near view of central portion of bank shown in No. 164. 

Size, 8 X 10 inches. Photographed by C. Whitman Cross, July 28, 1885. 

166. Mammoth hot springs, Yellowstone National Park. Size, 10 x 18 inches. Pho- 

tographed by W. fi. Jackson. 

167. Mammoth hot spring, Yellowstone National Park. Size, 10 x 18 inches. Pho- 

tographed by W. H. Jackson. 

Dismal Swamp Series. (Photographed by I. C. Russell, April, 1889. Size, 6 x 8 

inches.) 

Nos. 168, 169, 170, 171, 176, 178, 180, 183 published by Professor N. 8. Shaler in 
Tenth Ann. Rep. U. S. Geol. Survey, with plate numbers as below. 

168. View showing the general aspect of the swamp in the district where the forest 

is relatively dense. In the foreground a single elevated root arch of the black 
gum is plainly shown, also a great nnraber of cypress knees. PI. XXIX. 

169. Southern margin of Dismal Swamp, 12 miles west of Elizabeth City, North Caro- 

lina, showing the general aspect of the swamp in the month of May. The spur- 
like projections in the foreground are the knees belonging to the roots of the 
large cypress on the left hand. The gnarled excrescences at its base exhibit 
one type of root arches. In the center of the picture is a single root arch of the 
common type. PI. VIII. 

170. View showing general aspect of the wide, swampy channels which connect the 

main Dismal swamp witn the tributary morasses lying to the west. PI. XV. 

171. View of the swamp about a mile and a half east of Drummond lake, showing 

the ordinary conaition of the wetter parts of the swamp in the growing season. 
PI. IX. 

172. Southern margin of the swamp near Elizabeth City, North Carolina. 

173. View near the southern border of the main swamp near Elizabeth City, North 

Carolina. 

174. View of Jericho ditch. 

175. Cypress trees in the eastern part of Lake Drummond. 

176. Cypress trees in the eastern part of Lake Drummond. PI. X. 

177. View of the western shore of Lake Drummond, showing the wall-like character of 

the forest growth. 

178. View of Jericho ditch. The foliage on the right hand represents a cane-brake. 

The trees on the left hand of the picture are of second growth. 

179. View of Jericho ditch. 

180. View showing thinly wooded portion of the main swamp area. The trees are 

mostly of second growth ; the surface bears a scanty growth of cane. PI. XVI. 

181. View showing the general aspect of the wide, swampy channels connecting the 

main Dismal swamp with tributary morasses lying to the west of that area, 

182. View of Jericho ditch. 

183. Dismal Swamp canal, looking southward from the village of Wallaceton. The 

land on either side has been reclaimed from the original condition of swamp. 
PI. VII. 

SEISMIC PHENOMENA. 

Effects of the Charleston Earthquake, (Photographed under the direction of W J 
McQee by C. C. Jones, September 3-7, 1886. Size, 10 x 18 inches.) 

Nos. 185, 188, 189, 199, 202, and 203, published by C. E. Dutton in Ninth Ann. 
Rep., U. S. Geol. Survey, with plate numbers as below. 
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212. Lateral view of sandstone dike, Dry creek, Tehama county, California, p. 414. 

213. Sandstone dike penetrating Cretaceous sandstones and shales, Dry creek, Tehama 

county, California. The dike is 10 inches thick below. 

214. Four small sandstone dikes penetrating Cretaceous shales on Dry creek, Tehama 

county, California. The dikes are each about 4 inches thick. Some are regular 
and others very irregular. 

VOLCANIC PHKNOMSNA. 

Scene of a late Volcanic ErupHon in Northern California, (Photographed by J. S. 
Diller, 1888 and 1890. Size, 8 x 10 inches.) 

Nos. 215-226, published in Bulletin 79, U. S. €^1. Survey, with the designations 
given below. 

215. Model of cinder cone, lava field and ash-covered slopes. The cinder cone is 640 

feet high, the crater is 240 feet deep, and the lava field is about 8 miles long. 
Snag lake, at the left end of the lava field, was formed by the lava dam. Fig. 1. 

216. Lava field and cinder cone looking southwest across Lake fiidwell, Lassen peak 

in the distance. PI. II. 

217. The cinder cone from the south , earlier lava partly covered by volcanic sand. 

The dead trees extend down 7 feet through the volcanic sand to the original 
soil beneath. PI. III. 

218. The cinder from the east. Earlier lava near the cone is covered by volcanic 

sand ; later lava in the foreground uncovered. PI. IX. 

219. Volcanic bombs at the base of cinder cone : the largest is 8 feet in diameter. PI. 

IV. 

220. The lava field looking southeast from the base of the cinder cone towards Snag 

lake. PI. VIII. 

221. Surface of lava field : breaking of the lava crust. Photographed by W. B. 

Smith. PI. VII. 

222. The tree projecting from beneath the lava was pushed over by the advancing 

lava. The dead tree on the left extends 10 feet down through the coating of 
volcanic sand to the original soil beneath. The living trees, some of which are 
about 200 years old, have grown up entirely since the eruption. PI. XIV. 

223. Lava dam which formed Snag lake at the time of the eruption and drowned the 

trees whose stumps are seen in the lake. PI. XIII. 

224. Snag lake, with lava dam in the distance and the stumps of drowned trees in the 

fore^^round. PI. XII. 

225. Lava front at the corner of Snag lake. PI. VI. 

226. Near view of lava blocks on edge of lava field. The lava is basalt, which is re- 

markable in containing numerous phenocrysts of quartz, which are uniformly 
distributed throughout the mass. The white spots seen in the lava are quartz. 
PI. XVI. 

227. Hand specimen of quartz basalt frOm lava field near Snag lake. The white spots 

are quartz. 

LaceoHHc Domes and Pluge of the Black Hilla, (Photographed by I. C. Russell, 1888. 

Size, 6x8 inches.) 

228. Little Sun Dance hill, South Dakota. A dome of Carboniferous limestone, with 

Jurassic and Triassic rocks on the outer bench. The upheaval is due to vol- 
canic rocks injected far beneath. 

229. Little Sun Dance hill, from the top of Sun Dance hill, South DakoU. 
280. Little Sun Dance hill. South Dakota. Near view. 

231. Sun Dance hill. South Dakota. . The volcanic rock injected from beneath ex- 
posed by erosion. 
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Session of Wednesday, December 31. 

Two sections were organized. The First Section was called to order at 
9.35 o'clock a. m., by acting President Winchell, with W. M. Davis as acting 
Secretary. 

The Auditing Committee, Messrs. J. S. Diller and E. T. Dumble, reporte<l 
that the Treasurer's accounts had been examined and found correct. 

The report was adopted and the committee discharged. 

It was moved and voted that the Secretary should communicate to Dr. G. 
Brown Goode, in charge of the National Museum, the thanks of the Society 
for furnishing and operating the stereopticon used at this meeting. 

Professor Raphael Pumpelly was called to the chair, and the first paper 
of the day was read by the acting President. 

A LAST WORD WITH THE IIURONIAN. 
BY ALBXANDKR WINCHKLL. 

There was no discussion of the paper, which will be found printed in full 
among the memoirs as pages 85-124 of this volume. 

The next paper was^ — 

COMPOSITION OF CERTAIN MESOZOIC IGNEOUS ROCKS OF VIRGINIA. 
BY n. D. CAMPBKLL AND W. O. BROWN. 

It was discussed by W. M. Davis, J. E. Wolff, F. L. Nason, B. K. Emer- 
son, and G. H. Williams. It is printed, with the discussion, as pages 339- 
348 of this volume. 

The following paper was then presented: 

THE STRUCTURE OF THE BLUE RIDGE NEAR HARPER's FERRY. 
BY n. R. GEIOER AND ARTHUR KKITU. 



It was dig»8ed by Bailey Willis, C. H. Hitchcock, G. K. Gilbert, C. D. 
Walcott, ^Ijed. Hotchkiss; and, with the discussion and plates 4 and 5, is 
printed as jRJijes 155-164 of this volume. 

LXLII-BULL. Grol. Hoc. Am., Vol. 2, 180<). (fi-^1) 
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PAPERS READ BEFORE THE SECOND SECTION. 633 

The third paper was — 

THE COAL FIELDS OF ALABAMA. 
BY HKNRT MCCALLEY. 

It was discussed by I. C. White, C. W. Hayes, E. V. Dlnvilliers, G. 
F. Becker, and J. R. Procter. An abstract of this paper, mainly relating 
to the wealth of the coal fields, is published iu the Scientific American 
Supplement, vol. XXXI, pp. 12530-12531. 

The fourth paper was — 

THE CINNABAR AND BOZEMAN COAL FIELDS OF MONTANA. 
BY W. H. WKKD. 

It was the subject of remarks by 6. M. Dawson, and is published as pages 
349-364, with plate 13, of this volume. 

The fifth paper was on — 

THE GEOLOGY OF MOUNT DIABLO, CALIFORNIA. 
BY H. W. TUKNKR. 

It was discussed by G. F. Becker. It is supplemented by notes on — 

THE CHEMISTRY OF THE MOUNT DIABLO ROCKS. 
BY W. H. MKLYILLK. 

The paper and supplement are printed, with plate 15, as pages 383-414 of 
this volume. 

The sixth paper was read, iu theabseuce of the author, by G. M. Dawson : 

THE CARBONIFEROUS FLORA OF NEWFOUNDLAND. 
BY SIR WILLIAM DAW80K. 

The communication is printed as pages 529-540, plates 21 and 22, of this 
volume. 



*#'* 
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PAPERS RELATING TO THE PLEISTOCENE. G37 

The following paper was then read : 

GLACIAL LAKES IN CANADA. 
BY WARRKN UPHAM. 

It !8 printed, with remarks by G. M. Dawson, on pages 243-276 of this 
volume. 

The papers remaining upon the program were read by title only. They 
are as follows : 

NOTES ON TWO MORAINES IN THE CATSKILL MOUNTAINS, NEW YORK. 

BT J. C. SMOCK. 
THE MELTING OP THE NORTHERN ICE-SHEET IN NORTHEASTERN IOWA. 

BY W J MCOKB. 

(This communication, with much other matter, appears in full in the Eleventh 
Annual Report of the Director of the United States Geological Survey, 1891, pag;c8 
187-677, with plates II-LXI.) 

THE QUATERNARY FORMATIONS OF THE SOUTHWEST. 

BT B. W. HILGARD. 

GLACIAL GROOVES AT THE SOUTHERN MARGIN OF THE DRIFT. 

BY P. MAX F08HAT AND R. R. HICE. 

This paper is printed as pages 457-464, with plate 18, of this volume. 

TERTIARY AND POST-TERTIARY CHANGES OF THE ATLANTIC AND PACIFIC 

COASTS. % 

"BY JOSEPH LE CONTE. , 

A NOTE ON THE MUTUAL RELATIONS OF LAND ELEVATION AND ICE 
ACCUMULATION DURING THE QUATERNARY PERIOD. 

BY JOSEPH LE CONTE. 

These two papers are printed as pages 323-330 of this volume. 
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638 PROCEEDINGS OF WASHINGTON MEETING. 

ON A JOJNTED EARTH AUGER FOR GEOLOGICAL EXPLORATION IN SOFT 

DEPOSITS. 

BY N. H. DARTON. 

The instrument exhibited is a modification of the form proposed by McGee in the 
Ninth Annual Report of the Director of the United SUitos Geological Survey, for 
1887- '88, pages 106-107. It consists of an ordinary carpenter's auger, IJ inches in 
diameter, welded to a short length of iron bar; a number of 3-foot lengths of J-inch 
iron pipe with threads and couplings, and a cross-head of J-inch iron bar for a handle. 
In clays and sands borings have been made with this instrument to a depth of 40 feot, 
samples being secured at about each 6 inches. A detailed description of the instru- 
ment is given in American Geologist, volume VII, 1891, page 117. 

ON THE OCCURRENCE OF DIAMONDS IN WISCONSIN. 
BY OKOROK FREDERICK KUNZ 

In October, 1890, Mr. G. H. Nichols, of Minneapolis, Minnesota, wrote to the 
editors of the '' Engineering and Mining Journal " * stating that in a review of ** Gems 
and Precious Stones of North America"! published in that journal no mention had 
been made of the finding of diamonds in Wisconsin, and adding that he had found 
several small ones there. The matter having been referred to mo, I immediately put 
myself in communication with Mr. Nichols, and from him obtained the information 
which I now give. 

In the summer of 1887 Mr. Nichols, in company with Mr. W. W. Newell and Mr. 
C. A. Hawn, of Rock Elm, prospected for gold on Plum creek, in Rock Elm town- 
ship, Pearce county, Wisconsin. They employed some help, and, while sluicing for 
gold, one of their workmen detected a bright stone, which proved to be a diamond. 
This was in gravel which had been taken from the bank of the stream at a depth of 
some feet below water-level. Bad weather prevented the continuance of the work 
then, but as soon as favorable weather came they resumed their search, and Mr. Newell 
found one, while several were found by other members of the party. No more work 
was done in 1887, but in panning three miles further up the stream Mr. Newell found 
another diamond, which was very much distorted and off color. 

In the summer of 1888 actual sluicing for gold was begun, and in the gravel that 
occurred at the washout four diamonds were found in three weeks' time. One was 
found on the surface of the gravel bed, and another came from material taken out of 
a pit some thirty rods from^where the other was found, at a depth of five or six feet 
below the water-level. The most perfect stone was found by a workman, who secreted 
it. In 1889 prospecting was again resumed on the western branch of Plum creek, 
where Mr. Nichols found another diamond in a shovelful of gravel taken from the 
sluice. Two or three small ones were also found in the tailings. 

Gold is found all along the main branches of Plum creek, as well as all along the 
smaller runs of their extreme headwaters from two to five miles from their confluence. 
From Mr. Nichols I received a series of specimens both of the gold-bearing sands in 

* December 13, 1890, page 686. 

t New York, 1890. page 336, plate 24. 
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KEPORTERS OF DISCUSSION. 643 

For reporting discussions of the papers credit is hereby given as follows : 

Reporting discussion on Archean, H. W. Turner; on Cambrian and Si- 
lurian, N. H. Darton ; on Devonian and Carboniferous and on Paleobotany, 
C. S. Prosser ; on Mesozoic and Tertiary, W. H. Weed ; on Quaternary, 
C. Willard Hayes; on Petrography, J. E. Wolff. 

Vice-President Winchell, the President-elect, made some closing remarks, 
and the Society adjourned, to meet in Washingtou, D. C, on August 24, 
1891, at 10 o'clock a. m. 
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Register of the Washington Meeting, 1890. 
The following Fellows were in attendance at the meeting : 



Henry M. Ami. 
George H. Barton. 
George F. Becker. 
Robert Bell. 
Ezra Brainerd. 
Walter A. Brownell. 
Henry D. Campbell. 
Franklin R. Carpenter. 
J. H. Chapin. 
William B. Clark. 
Edward D. Cope. 
C. Whitman Cross. 
Nei^son H. Darton. 
William M. Davis. 
George M. Dawson. 
Joseph 8. Diller. 
Edward V. DInvilliers. 
Edwin T. Dumble. 
George H. Eldridgb. 
Benjamin K. Emerson. 
Samuel F. Emmons. 
Herman L. Fairchild. 
G. K. Gilbert. 
Arnold Hague. 
C. WiLLARD Hayes. 
Robert T. Hill. 
Charles H. Hitchcock. 
Jed. Hotchkiss. 
Horace C. Hovey. 
Edwin E. Howell. 
Joseph P. Iddings. 
Joseph F. James. 
Arthur Keith. 

Total attendance, 66. 



Charles R. Keyeb. 
Frank H. Knowlton. 
Daniel W. Langdon, Jr. 
JosuA Lindahl. 
Henry McOalley. 
W J McGee. 
Othniel C. Marsh. 
P. H. Mell. 
George P. Merrill. 
Henry B. Nason. 
Edward Orton. 
J. W. Powell. 
John R. Procter. 
Charles S. Prosser. 
Raphael Pumpelly. 
Israel C. Russell. 
J- W. Spencer. 
John J. Stevenson. 
Henry W. Turner. 
Warren Upham. 
Charles D. Walcott. 
Walter H. Weed. 
David White. 
Israel C. White. 
Charles A. White. 
George H. Williabis. 
Henry S. Williams. 
Bailey Willis. 
Alexander Winchell. 
Newton H. Winchell. 
John E. Wolff. 
Robert S. Woodward. 
G. Frederick Wright. 
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LIST OP FELLOWS, JULY 1, 1891. 647 

* Edward W. Clatpole, D. Sc., Akron, O. ; Professor of Geology in Biichtel Collefi^e. 
Aaron H. Cole, A. M., Hamilton, N. Y. ; Lecturer on Biology and Geology in 

Colgate University. December, 1889. 

* John Collett, A. M., Ph. D., Indianapolis, Ind. ; lately State G^logist. 

* Theodore B. Comstock, Tucson, Ariz. ; Director Arizona School of Mines, 
t George H. Cook, Ph. D., LL. D. (Died September 22, 1889.) 

♦Edward D. Cope, Ph. D., 2102 Pine St., Philadelphia; Professor of Geology in 

the University of Pennsylvania. 
♦Francis W. Craoin, B. 8., Topeka, Kansas; Professor of Geology and Natural 

History in Washburne College. 
♦Albert R. Crandall, A. M., Lexington, Kentucky; Professor of Geology in 

Agricultural and Mechanical College of Kentucky. 
♦William O. Crosby, B. S., Boston Society of Natural History, Boston, Mass.; 

Assistant Professor of Mineralogy and Lithology in Massachusetts Institute of 

Technology. 
Charles Whitman Cross, Ph. D., U. S. Geological Survey, Washington, D. C. 

May, 1889. 
♦Malcolm H. Crump, Bowling Green, Kentucky; Professor of Natural Science in 

Ogden College. 
♦Henry P. Cushino, M. 8., 786 Prospect St., Cleveland, Ohio. 
T. Nelson Dale, Newport, R. I.; Assistant Geologist, U. S. Geological Survey. 

December, 1890. 

♦ Jame6 D. Dana, LL. D., New Haven, Conn. ; Professor of Geology in Yale Uni- 

versity. 

♦Nelson H. Darton, United States Geological Survey, Washington, D. C. 

♦William M. Davis, Cambridge, Mass.; Professor of Physical G^eog^aphy in 
Harvard University. 

Gborqe M. Dawson, D. Sc., A. R. S. M., Geological Survey Office, Ottawa, Can. ; As- 
sistant Directorof Geological and Natural History Survey of Canada. May, 1889. 

Sir J. William Dawson, LL. D., McGill College, Montreal, Canada ; Principal of 
McGill University. May, 1889. 

Frederick P. Dewey. Ph. B., 621 P St. N. W., Washington, D. C. May, 1889. 

Orville a. Derby, M. S., Sao Paulo, Brazil ; Director of the Geographical and 
Geological Survey of the Province of Sao Paulo, Brazil. 

♦Joseph S. Diller, B. S., United States Geological Survey, Washington, D. C. 

Edward V. d'Invilliees, E. M., 711 Walnut St., Philadelphia, Pa. December, 
1888. 

♦Edwin T. Dumble, Austin, Texas; State Geologist. 

♦William B. Dwiqht, M. A., Ph. B., Powghkeepsie, N. Y. ; Professor of Natural 
History in Vassar College. 

♦George H. Eldridge, A. B., United States Geological Survey, Washington, D. C. 

Robert W. Ells, LL. D., Geological Survey Office, Ottawa, Canada ; Field Geolo- 
gist on Geoloffical and Natural History Survey of Canada. December, 1888. 

♦ Benjamin K. Emer.son, Ph. D., Amherst, Mass. ; Professor of Geology in Amherst 

College. 
♦Samuel P. Emmons, A. M., E. M., U. S. Geological Survey, Washington, D. C. 

♦ Herman L. Fairchild, B. S., Rochester, N. Y. ; Professor of G^eology and Natural 

History in University of Rochester. 
J. 0. Fales, Danville, Kentucky ; Professor in Centre College. December, 1888. 
LXLIV— Bull. 0«ol. 8oo. Am., Vol. 2, 1890. 
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Waldsmar Lindorsn, U. S. Geological Survey, Washington. D. C. 

BoBKRT H. LouQHRiDOB, Pti. D., Berkeley, Gal.; Assistant Professor of Agri- 
cultural Chemistry in University of California. May, 1889. 

Thomas H. MoBridb, Iowa City, Iowa; Professor of Botany in the State University 
of Iowa. May, 1889. 

Hknrt McCallst, a. M., C. B., University, Tuscaloosa County, Ala. ; Assistant 
on Geological Survey of Alabama. May, 1889. 

BiCHARD G. McCoNNKLL, A. B., Geological Survey Office, Ottawa, Canada; Field 
Geologist on Geological and Natural History Survey of Canada. May, 1889. 

* W J McGee, United States Geological Survey, Washington, D. C. 

William McInnks, A. B., Geological Survey Office, Ottawa, Canada; Assistant 
Field Geologist, Geological and Natural History Survey of Canada. May, 1889. 

FsTSR McKcLLAR, Fort William, Canada. August, 1890. 

Jules Marcou, 42 Garden St., Cambridge, Mass. December, 1888. 

Oliver Maroy, LL. D., Bvanston, Cook Co., Illinois ; Professor of Natural History 
in Northwestern University. May, 1889. 

Othniel C. Marsh, Ph. D., LL. D., New Haven, Conn. ; Professor of Paleontology 
in Yale College. May, 1889. 

P. H. Mell, M. E., Ph. D., Auburn, Ala. ; Professor of Geology and Natural His- 
tory in the State Polytechnic Institute. December, 1888. 

^Frederick J. H. Merrill, Ph. D., State Museum, Albany, N. Y. ; Assistant 
State Geologist and Assistant Director of State Museum. 

Georqb p. Merrill, M. S., U. S. National Museum, Washington, D. C. ; Curator 
of Department of Lithology and Physical Geology. December, 1888. 

James E. Mills, B. S., 2106 Van Ness Ave., San Francisco, Cal. December, 1888. 

* Albro D. Morrill, A. M., M. S., Athens, Ohio ; Professor of Biology and (Jeology 

in Ohio University. 

Thomas F. Moses, M. D., Urbana, Ohio; President of Urbana University. May, 1889. 

♦Frank L. Nason, A. B., 6 Union St., New Brunswick, N. J. ; Assistant on Geo- 
logical Survey of New Jersey. 

* Henrt B. Nason, Ph. 1)., M. D., LL. D., Troy, N. Y. ; Professor of Chemistry 

and Natural Science in Rensselaer Polytechnic Institute. 

* Peter Neff, A. M., 401 Prospect St., Cleveland, Ohio. 

* John S. Newberry, M. D., LL D., Columbia College, New York city ; Professor 

of Geology and Paleontology in Columbia College. 
Frederick H. Newell, B. S., U. S. Geological Survey,Wttshington, D. C. May, 1889. 

* Edward Orton, Ph. D., LL. D., Columbus, Ohio ; ' State Geologist and Professor 

of Geology in the State University. 
*Amos O. Osborn, Waterville, Oneida Co., N. Y. 
*t Richard Owen, LL. D. (Died March 24, 1890.) 

* Horace B. Patton, Ph. D., New Brunswick, N. J. ; Assistant Professor of Geology 

and Mineralogy in Rutgers College. 

Richard A. F. Penrose, Jr., Ph. D., Little Rock, Arkansas ; Assistant on Arkansas 
Geological Survey. May, 1889. 

Joseph H. Perry, Worcester, Mass. ; Professor of Natural Sciences in the Worcester 
High School. December, 1888. 

♦William H. Pettee, A. M., Ann Arbor, Mich. ; Professor of Mineralogy, Eco- 
nomical Geology, and Mining Engineering in Michigan University. 

♦Franklin Platt, 616 Walnut St., Philadelphia, Pa. 



Digitized by VjOOQIC 



»vl'i ;*:<»# PRi»lN«.:< OP WAHHTSftTTiS 3«1TING. 



* \ .' ■ f'.> V ,V. V )ot>!tM. r* yi^ f^.tnUx- A»tj»n»,(jr.; C«)itatn Filtb ArciU«rT. U. d:.Army. 

LiWTKTi ? W*Kr>. A. M.- C ^ Gwiio^iisal ^urw?y, Washingson, D. C ; PaiaaaEtuiu* 
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* Kdw4Ri» H Wu.Lf %kh. Jr.. A. C, E. M., IIT Church >it, BedifaAgtn, P^ ; Fpo- 

f*>Av>r of X..\ r.^ Kn'^'ricf>r;n>^ mkI Genlotry in Lfth^h Cniwatj. 
*OfCATVri« ff. W*LMA\r^. Fh. D, J»hrw H.»pkiiw Tnivontty, Bailimorey M<L ; Fm^ 

fc9fuyx '*f Tn/fr^an.^ ('ff^if\*'%j in JoKiw Hopklna CaWwwty, 
♦Hrxry S WrLr,r*\(^, Ph. [>., Iinaw*, X. Y, ; Pr»>feasor of Geology awi Pafetm- 

* J. J^rf^s' M WiLMAM-^, Ph. J>., .Snlrtia, X. T. 

♦^Ai*( r,f, O. Wn.rrAU**. Pri. !>.. Ithaca, ^, Y. ; Pn*f«s»«>r ia GonMlI UaiTcmty. 
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* }ioK\f r. Vat •,»!! V\ i:»/ hkm,, IO .StAt»i M., MiDiH»pf>lia, Mina.; AMHtaaton G«>- 

*NKwrov H. WfJ»orKr-r, A, M,, Mtnn«>iipr>liji^ Mian.; Suie G«ok»^i; Profesaor 

*ArtrMr:R Win-^mjw, fJ. S., Jfjlferson City, Mo.; Slate G^olo^ut. 

Joirv K. Wor,rr, Ph. O. Harvarfl University, Cambrulge, Mail; Inrtmctor id 

\'fU(f^Ty\\Aiy, llarvftnl Tniver'iity. I>/;«mb€T, IH8D. 
KoftKRr SivfF?*oH W<^»<>riirARD, C E., U. S, Coaat and Geodetic Surrey, Wafthington, 

U. (;. May. JH><f*. 
*0. pKri'KRKK W'RKifiT, D. D.,Ohf)rlin, Ohio; Professor io Oberlin Theological 

H'-rffinnry. 
ly»HK,v/o (>. Vat Kf<, M. I>., Santa Barbara, Cal. December, 1889. 
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